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Over a thousand marine engineers and their 
were received by the president of the 
Institute of Marine Engineers, Dr. 8. F. Dorey, 
C.B.E., F.R.S., on the occasion of the forty- 
ninth annual dinner, which was held at Gros- 
yenor House, Park Lane, London, on Friday, 
March 14th. After honouring the Loyal Toasts, 
His Excellency, Count Edouard Reventlow, 
G.C.V.0., the Danish Ambassador, proposed 
the toast of “‘ The Royal and Merchant Navies 
of the British Commonwealth.’”’ He thanked 
the British Admiralty for the help given to 
Danish naval officers, and made several 
historical references to past associations and 
the present partnership in the North Atlantic 
alliance. In his reply, the Right Honourable 
J. P. L. Thomas, M.P., the First Lord of the 
Admiralty, mentioned the difficulties in building 
up the Navy, and the loss sustained by ship- 
building in the deaths of Sir Amos Ayre and Sir 
James Lithgow. After a brief reference to the 
co-operation between navies, he went on to 
discuss the healthy condition of shipbuilding 
and marine engineering, although hampered 
by the steel shortage, and hoped that supplies 
of American steel would help to ease the situa- 
tion so that shipping could continue to con- 
tribute to the balance of pa: ts. Mr. Thomas 
paid tribute to the research efforts of Pametrada 
and stressed the need to maintain our mari- 
time prestige. In giving the toast of “‘ The 
Institute of Marine Engineers,” the Right 
Honourable J. S. Maclay, C.M.G., M.P., the 
Minister of Transport, had something to 
say about developments in marine engineer- 
ing, the steadily rising membership of the 
Institute, and the wide field covered by the 
technical papers presented. Dr. 8. F. Dorey, 
the president, in his reply, commented upon 
the success of the recently-formed local sec- 
tions of the Institute, and went on to discuss 
the formation of a Royal College of Techno- 
logy and the new training scheme for engineers. 
He also advocated the need to gain knowledge 
in other industries and the opportunity to 
apply new discoveries to the well-being of man- 
kind. At the conclusion of his h, Dr. 
Dorey announced that Mr. B. C. Curling, who 
retired from the secretaryship last year, had 
been elected an Honorary Member and pre- 
sented him with his certificate. Mr. J. Turnbull, 
0.B.E., proposed the toast of “Our Guests,” 
and Mr. T. F. Clarke replied. 


Gas Industry Productivity Team 

A PropuctTivity team from the gas industry 
has left this country for the United States, and 
will arrive back in Britain early in May. The 
sixteen members of this team have been selected 
by the Gas Council, in co-operation with the 
workers’ side of the National Joint Industrial 
Council for the Gas Industry, and it is fully 
representative of all phases of production and 
distribution in the gas industry. The team 
leader is Mr. J. H. Dyde, and the joint secretary 
Mr. D. L. Hill. During its tour the team will 
visit the most modern gas plants and other 
installations in different parts of the United 
States. It will study the structure and organ- 
isation of the American .gas industry, distri- 
bution techniques, industrial and commercial 
applications of gas, the utilisation of liquified 
and gaseous products, carbonisation and coke 
Ovens, consumer services, industrial relations 
and training of personnel. It is hoped that the 
team will have the opportunity of taking part 
in conferences which the American Gas Asso- 
ciation is holding at Philadelphia and Cin-! 
cinnati during the time of its visit. It is 
probable that plants of special interest to the 








gas industry will be visited in the following 
areas: New York, Cleveland, Chicago, Port- 
land (Oregon), Los Angeles, Birmingham 
(Alabama), Philadelphia, Pittsburgh, Cincin- 
nati and Washington. 


Building and Civil Engineering 
Exhibition at Glasgow 

Tue Corporation of Glasgow has organised a 
building and civil engineering exhibition, which 
will be held at the Kelvin Hall from March 26th 
until April 12th. The exhibition is the first of 
its kind to be promoted by the corporation ; it 
being thought that the time was opportune for 
the exhibition, in view of the importance of the 
building and civil engineering industries in the 
development of Scotland. About 140,000 people 
are employed in building and civil engineering 
in Scotland, and there are large numbers of 
people employed in the ancillary building 
material industries. The output of con- 
structional and repair work represents nearly 
two-thirds of the country’s fixed capital invest- 
ment, and there is a heavy of work, 
comprising housing, schools and other building 
projects, industrial e: ion, hydro-electric 
schemes, and the establishment of new towns at 
East Kilbride and Glenrothes. The corporation 
hopes to bring together a comprehensive dis- 
play of the various aspects of the industry’s 
work, The exhibitors include both private 
firms and departments of Government and 
public bodies connected with the industry. 
Constructional plant and materials will be 
exhibited, as well as displays of research work, 
and a section devoted to education and training. 


Wind Power Generator for 
North Wales 


THE erection of a wind-driven power genera- 
tor at Mynydd Anelog, Aberdaron, Caernarvon- 
shire, has now received the formal consent of the 
Minister of Fuel and Power. We may recall 
that soon after the British Electricity Authority 
was established in 1948 it decided to associate 
itself directly with the research work on wind 
generation already being carried out by the 
British Electrical and Allied Industries Research 
Association (E.R.A.). In March, 1949, tenders 
were therefore invited for the design and 
construction of an experimental 100kW wind 
generator, and investigations began, in col- 
laboration with the E.R.A., into wind con- 
ditions on the North Wales coast. In June, 
1950, a contract was placed with Enfield 
Cables, Ltd., for a machine operating on a 
principle evolved by Monsieur J. Andreau ; 
de Havilland Propellers, Ltd., is responsible 
for the aerodynamic performance and the 
English Electric Company, Ltd., for the alterna- 
tor and control apparatus. The wind-driven 
propeller of the Enfield-Andreau generator is 
not connected by gearing to the turbine, as 
is usual in other windmill generators. There 
are two aluminium alloy propeller blades, 
of hollow construction with air exit ports at 
the tips, sweeping a circle of 80ft diameter. 
When the propeller rotates air is discharged 
from the blade tips by centrifugal force and 
suction is thereby created in the 100ft high 
hollow tower on which the propeller is mounted. 
Air is drawn through apertures in the base 
of this tower and, in its up the 
vertical shaft of the tower, drives a turbine. 
The controls of the generator are operated 
automatically by wind pressure on a speed- 
sensitive device. Electrical controls operate 
a valve when it is required that the indrawn 
air should by-pass the turbine in the support 
tower; thus, when this valve is open the tur- 
bine cannot operate although the propeller 
may be rotating. Hydraulic controls, similar 
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to those developed for de Havilland aircraft, 
change the pitch of the blades of the propeller 
to suit various wind speeds, ensuring that the 
propeller turns at a constant speed of 100 
r.p.m. When winds exceed 75 miles an hour, 
the blades are feathered and halted. An 
8kW model of the “‘ Anemo” machine, as 
the Enfield-Andreau generator is called, has 
been tested in France. The 100kW machine 
now being constructed for the Authority will 
be erected temporarily on a site near St. Albans 
within the next few months and, after under- 
going operational tests extending throughout 
the winter of 1952-53, will probably be trans- 
ferred to the permanent site on Mynydd 
Anelog in the spring of next year. 


The “ Princess” and “ Brabazon” 
Aircraft 

A WRITTEN parliamentary reply, made on 
Monday last by the Minister of Supply, con- 
tained further reference to the development 
programme related to the “ Brabazon” and 
“* Princess ’’’ aircraft. -It was stated that work 
upon the first ‘‘ Princess” flying boat, now 
nearing completion, which is fitted with the 
MKII version of the Bristol ‘‘ Proteus ’’ pro- 
peller turbine engine, would continue so that 
flight testing could proceed. It had been 
decided, however, to postpone for the time 
being the work of completing the second 
and third ‘“ Princess” aircraft and the MKITI 
version of the “ Brabazon’”’ machine, which 
were also to have had the MKIi “ Proteus” 
engine. The reply explained that this deci- 
sion was taken, as it had become evident 
that great economy would be achieved by 
waiting for the production of the more power- 
ful MKIIT version of this engine, which was 
not yet available. As a result of this decision a 
saving of £2,000,000 would be effected in the 
coming financial year and at the same time 
would release capacity for more immediately 
required aircraft. 


Liverpool Steam Ship Owners’ 
Association 

Tuis week the Liverpool Steam Ship Owners’ 
Association has issued its report for 1951, which 
forms a complete survey of the affairs of the 
shipping industry. External trade and the 
difficulties of maintaining exports are given 
particular attention, while it is stressed that 
the fortunes of the shipping industry and those 
of the nation are closely related. The report 
draws attention to the enormous depletion to 
reserves as & result of replacing the severe losses 
in tonnage sustained during two world wars and 
due also tothe compensation paid for ships 
lost falling far short of the actuai replacement 
cost. The continuation of the existing policy of 
taxation will make it impossible for the industry 
to replace any future losses by depriving it of 
essential resources. Stating that the principle 
of accountancy is to record fact and not one of 
management, the report urges that the effect of 
the inflation of the pound upon depreciation 
allowances is a matter requiring early examina- 
tion. The report gives the amount of gross ton- 
nage entered in the Association as 4,794,050 tons, 
the increase over the total at the beginning of 
1951 being accounted for by the entry of new 
members. It is regretted, however, that full 
use of the tonnage available is not made, due 
to the serious delays in the turn round of ships, 
and instances of slow loading rates at world 
ports are given. The adverse effect of strikes, 
go-slow tactics and restrictive practices upon 
ultimate costs is emphasised and also the 
benefits accruing should pre-war handling rates 
at the ports be achieved. 
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Simplified Standards for Gears 


By W. A. TUPLIN, D.Sc., M.I.Mech.E.* 
Because a standard involute gear generating cutter can produce a wide variety of 


satisfactory tooth forms, it is reasonable to define a standard gear as one that may 
be generated by a standard cutter. It is desirable to use a simple system of gear 
design that permits full use to be made of the versatility of standard involute 
generating tools. Any calculation procedure that demands an accuracy beyond 
that offered by the 10in slide rule is not well conceived. 


{yw process of revising the British Standard 
Specifications on gearing repeatedly brings 
up the question of intelligibility to the 
average user. A life-long specialist in any 
subject does not fully appreciate the diffi- 
culty that a non-specialist may have in 
thoroughly understanding its accepted 
terminology and concepts. The specialist 
cannot easily see the need for avoiding 
specialised terminology in a publication 
intended for wide utility. He is loth to 
accept the suggestion that working rules 
for designers may often be presented in 
non-specialised terms if the specialist is 
prepared to suppress the jargon with which 
he has grown up, rather than to display it. 
He is inclined to resent any suggestion that 
his own ways of handling problems can be 
replaced by simpler ones after rational 
analysis directed towards development of 
non-specialist. treatment. : 

Anyone who opens a text book on toothed 
gearing and glances through pages of geo- 
metrical drawings and trigonometrical expres- 
sions may well form the impression that 
the subject is of considerable academic 
interest and that a full comprehension of its 
technicalities may require some prolonged 
study. Anyone who sees gear-generating 
machines at work on commercial production 
of gears in endless variety may well doubt 
whether the design of ordinary gears 
necessarily involves any profound niceties 
in technology. Actually it does not, but 
those who for many years have been wont 
to calculate gear dimensions to half a dozen 
superficially significant figures with the aid 
of seven-figure mathematical tables and 
calculating machine are inclined to resent 
the suggestion that the same work can be 
done without those aids in a fraction of the 
time. 

The production of a screw demands only 
the turning of a blank to a specified diameter 
and the sinking of a standard cutter in it 
to full depth, whilst blank and cutter are 
given predetermined relative motion by 
the machine used for the thread-cutting 
operation. This description also applies 
exactly to the production of a gear and so 
it is reasonable to enquire whether the 
determination of manufacturing dimensions 
can justifiably be much more complicated 
for one than for the other. The selection 
of a standard screw for a particular applica. 
tion demands no knowledge of the geometry 
of screw threads but merely an understand- 
ing of the terms “ diameter” and “ pitch.” 
The suggestion that gear dimensions can 
be determined on the seme limited basis 
may appear outrageous, until it is reflected 
that at one time gear design did involve 
no more than that. Later on it was made 
much more complicated by gear technolo- 
gists who found in gear generating processes 
a fascinating basis for kinematic castles 
and towers of trigonometry which, having 
fulfilled their only possible purpose (that 
of aiding exploration of the field), may 
now be ignored by the gear designer and 
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attention may be confined to simple design- 
procedure proved by practice. So the idea 
that a helical gear is determined by a blank- 
diameter, a standard cutter, and an axial 
pitch, is not a new one, but, on the contrary, 
the old and obvious one disentangled from 
complications that have outlasted any use 
that they may ever have had. 

The general problem discussed here is 
that of determining the dimensions required 
before proceeding with manufacture of a pair 
of spur or helical gears. It is taken as 
axiomatic that no non-standard tools shall 
be required ; it is assumed that, the finished 
gears are to have a specified velocity ratio 
within a tolerance of about +3 per cent 
and are to work together with specified 
backlash at a specified centre distance. 
These conditions cannot, in general, be met 
by spur gears designed on what may be 
called the “ Brown and Sharpe” system, 
because there the working centre distance of 
a pair of spur having ¢ and 7' teeth 
of pitch p, is (p,/2x) (t+7') with no more 
than normal machining tolerance. Involute 
gears cut by a generating process are not 
similarly restricted, but the common belief, 
warmly fostered by perusal of text books, 
is that any escape from that restriction 
involves troublesome calculation and there 
are those who therefore doubt whether 
such “ non-standard ” gears will work satis- 
factorily. This belief is quite unfounded 
and if the problem is examined from the 
purely practical standpoint (and the whole 
object of making gears at all is purely prac- 
tical) there is no difficulty in devising a 
design procedure of the utmost simplicity 
that affords adequate flexibility and demands 
no calculation beyond the scope of normal 
slide-rule working. That this is possible 
is due to the inherent characteristics of the 
involute tooth form and of the generating 
principle. 

It is convenient here to think in terms of 
the hobbing process, although the principles 
apply equally to any other gear-generating 
method. A gear cut by hobbing has the 
essential characteristics that :— 

(a) The normal base pitch of its teeth 
is that of the teeth of the hob. 

(b) The axial pitch of its teeth is that 
determined by the set-up of the “ spiralling 
train” of the hobbing machine. (The for- 
mula for the set-up is often made to depend 
on the lead of the work and that is simply 
the product of axial pitch and number of 
teeth. In other cases the “formula” for 
the spiralling charge gears is made to look 
as if it depends on a spiral angle instead of 
on the fundamental quantity, axial pitch.) 

(c) The diameter of the coaxial cylinder 
at which the tooth thickness is equal to 
half the tooth pitch depends on the dimen- 
sions of the hob and its centre distance from 
the work when taking the finishing cut. 

The depth of tooth in each of the mating 
gears should be that for which the particular 
hob has been made. This, taken in con- 


junction with (c), shows that the blank 
diameter of the gear has some importance ; 
it has, in fact, the first importance from 
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the practical viewpoint, as it is requj 
for the very first operation in machining the 
gear-blank. 

SIMPLIFIED DESIGN PROCEDURE 


The meanings of the symbols used her 
are tabulated below. All length dimensions 
are in inches. 

C=Centre distance of wheel and pinion 
da=Tip diameter of pinion 
Da=Tip diameter of wheel 
g=Thickness setting of caliper for pinion 
G=Thickness setting of caliper for whe! 
h= Height setting of caliper for pinion 
H=Height setting of caliper for whvel 
Ppa= Axial pitch of pinion and wheel 
Pn=Normal pitch of cutter, assumed to be 
of British Standard form, 20 deg, 
normal pressure angle 
S=Diameter adjustment factor (sec Fig. }) 
Suffixes p and w refer to pinion and 
wheel respectively 
t=Number of teeth in pinion 
T =Number of teeth in wheel 
o=Spiral angle at the cylinder at which 
the normal pitch is pn and the 
normal pressure angle 20 deg. 
ta=Normal pressure angle at the cylinder 
at which the normal pitch is p,. 
The standard normal pressure angle 
is 20 deg. 

On the Brown and Sharpe system the 
blank diameter of a gear with ¢ teeth was 
simply :— 


(pn/n) (t+-2) for a spur gear 
(p/n) (t sec +2) for a helical gear 


where p, is the normal pitch of the cutter 
used and o is the spiral angle defined pre- 
cisely by the relation 


or 


sin o =Pn [Pa 


where p, is the axial pitch of the gear. 
There is no value of ¢ that is operationally 
better than many others, but it should pre- 
ferably be selected so that p, is less than the 
face-width of the gear and is a low-factored 


multiple | e.g. 7 of the axial pitch of the 


feed screw of the hobbing machine. The 
essential point is that p, must be the same 
for pinion and wheel. 

Gears with teeth cut to full depth in a 
blank of the diameter determined by the 
appropriate one of these formule are found 
to have unsatisfactory tooth shapes if ¢ 
is smaller than 2 cos*o cosec* },, where 4, 
is the normal pressure angle, and this 
turns out to be a very severe restriction if 
o is small. 

In the following the tooth form is assumed 
to correspond to the British Standard basic 
rack tooth of which the working depth is 
2p,/ (as on the Brown and Sharpe system), 
the full depth is 2-25 p,/x and the pressure 
angle is 20 deg. 

Departing a little from the Brown and 
Sharpe system it is found that a satisfactory 
tooth shape is obtained with any number of 
teeth down to 10 cos? o if 


Blank diameter = (pn/m)[(No. of teeth) sec o+], 


ie. da=(pn/x) (tseoa+Sp) . (1) 
Da=(pn/x) (T seca+Sw) . (2) 


where S may have any value in the range 
defined in Fig. 1 and the suffixes p and w 
refer to pinion and wheel. (This range of 
choice provides the flexibility necessary if 
specified centre distances are to be observed 
without resorting to non-standard cutters.) 
These expressions for d, and D, are purely 
empirical. They depend on no subtleties 
of geometrical analysis; they have been 
tried out and they lead to tooth forms that 
are neither undercut nor pointed. 
Gears with teeth cut to full depth in blanks 
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of these diameters have normal backlash 

1 (paln)(Sp+Se—4)* costa . . (8) 
when meshed together at centre distance 

C=4(dat+Da)—2pn/x . (4) 


which is the centre distance for engagement 
to the standard working depth of 2p,,/r. 


SETTINGS FOR HoBBING MACHINE 


Number of teeth in pinion=t 

Number of teeth in wheel=7' 

Lead of pinion... ...  ...=pa 

Lead of wheel ... .»- = Z"pa 

Hob setting angle =o—Lead angle 
(not critical) of hob +20’. 
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COMPARISON WITH CONVENTIONAL 
PROCEDURE 


The aim in devising the foregoing method 
of calculating gear dimensions was to go as 
directly as possible to the figures required 
in manufacture. Only one diameter is 
mentioned for each gear and that is the 
unavoidable diameter of the blank. Per- 
missible variation in blank diameter for a 
given number of teeth, cutter and axial 
pitch is expressed by the quantity S used 
directly in the formula for blank diameter. 
It hardly seems possible to devise any 
simpler way of doing what this scheme does, 
but suggestions are invited. 

The method is the 
elemental one of the 
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original Brown and 
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fied to make good use 
of the involutesystem’s 
flexibility, frequently 


SE 





45° 
| 
| 


ry 
‘ 


| |e 


30° | i 
‘o, | a 
| 


mentioned in text 
books but only in ways 
that suggest trouble- 
some complication and 
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courage its use. By 
its very simplicity 
the straightforward 
| method may disconcert 
those who have long 
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used roundabout pro- 
cedure developed from 
the concept of the in- 
volute tooth as an 
unruly successor to the 
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Number of Teeth in Pinion or Wheel 


FIG. 1—-VALUES OF S FOR DIFFERENT NUMBERS OF TEETH 


This applies to the usual case in which the 
hand of the spiral of the hob teeth is the 
same as the hand of the spiral of the teeth 
to be cut. 

If it is desired that the backlash of the 
gears at centre distance C should exceed 
(3) by w, each gear should be cut to depth 
(2:25 p,/n)+0-73w. 

CALIPER SETTINGS 

If it is desired to check tooth thickness 
by gear-tooth calipers (necessary for gears 
generated by pinion-type cutters) instead of 
relying on cutting to a specified depth, 
appropriate values for cutting to full stan- 
dard depth, giving backlash (3), are as 


¢ 


18 25. 40 


ae eycloidalform. Among 


the gear dimensions 
that are familiarin con- 
ventional procedure 
but superfluous in that 
described above are: 

Addendum. Dedendum. 

Addendum modification. 

Pitch circle of generation. 

Pitch circle of engagement. 

Pressure angle of generation. 

Pressure angle of engagement. 

Involute function. 

It is feared that there may be reluctance 
to part with these long-standing acquain- 
tances, but they are not needed. In the 
past gear tooth forms were laboriously 
drawn out and transferred to gauges for 
checking the form of gear-cutting tools and 
the teeth they produced. That is not nor- 
mally done nowadays, because the gear 
generating machine draws out the shape 


100 Rack 
50 











Caliper Settings 

Thickness Height 
i TREE ei Oh RE: g=(0°321 Sp+0-745) (pn/%) | h=(0-442 Sp—0-137) (pn/z) 
| RRR I SIE a NEES G=(0-321 Sw+0-745) (pn/m) | H=(0-442 Sy—0-137) (pn/m) 











tabulated here. For extra backlash w, the 
thickness-setting of the caliper is reduced 
by 0-53w for each gear. 

With these settings the calipered points 
are the points of contact of the tooth with 
the adjacent hob teeth when it is symmetri- 
cally placed in relation to them. 


ACCURACY OF CALCULATION 


Slide-rule calculation is adequate. Exact 
compliance with (4) is ensured by adjusting 
the value of D,, if necessary, so that 

Da=2C—dat+ (4pn/™) 


The errors produced in G and H by any 
small error in 8, cancel each other. 


itself as it goes along. It is now suggested 
that it is equally capable of calculating all 
the quantities mentioned above if it needs 
them. 

The quantities “‘ addendum ” and “ deden- 
dum” have no function but to determine 
blank diameter and root diameter from an 
imaginary ‘‘ pitch diameter.” The unsatis- 
factory character of conventional practice 
in this respect is clear from the fact that, 
unlike a cycloidal gear, an involute gear 
has in itself no pitch diameter. It had a 
“pitch diameter of generation” when its 
teeth were being cut; it may have had a 
different one if and when the teeth were 
being ground, and it will have a “ pitch 
diameter of engagement” dependent on its 
centre distance from a mating gear, when 
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meshed with one, but it has no intrinsic pitch 
diameter. 

What is usually meant by “ pitch dia- 
meter ” is the diameter at which the normal 
pressure angle has the standard value. It 
is a landmark in the tooth, but its only 
practical use is the purely artificial one of 
being an arbitrary starting point in calcu- 
lating the blank diameter by a method that 
has no significance with involute teeth. 
The difference between blank diameter and 
this so called pitch diameter was 2p,/x 
on the Brown and Sharpe system, but as 
this often led to unsatisfactory tooth- 
shapes, departures were made from the old 
rule of “ Addendum=p,/x.” Instead of 
disregarding the old procedure altogether 
the course was adopted of describing any 
departure from it as “correttion” and a 
great deal of energy has been expended on 
developing rules for amounts of “ correc- 
tion.” In general it has been thought 
desirable that the wheel of a pair should 
have equal and opposite “correction” to 
that of the pinion, so that the arbitrary 
pitch circles should be the pitch circles of 
engagement when the gears mesh at the 
designed centre distance. Fear of departure 
from this condition was associated with 
natural distaste for calculating the conse- 
quent backlash (negligible though it usually 
is) by the conventional method that involves 
use of the tiresome “ involute function.” 


“Correction systems” have formed a 
delightful hunting ground for the gear 
technician anxious for easy publicity. 
Patents have actually been granted on gear 
teeth that were of involute form produced 
by standard cutters with some arbitrary 
amount of “correction.” In such legal 
glamour the ordinary gear designer may be 
excused for having supposed that there is 
some special technical virtue, too obscure for 
him to comprehend, in following correction 


‘ rules expounded with sufficient assurance. 


In actual fact there is none. Provided that 
the teeth are not nearly sharp-crested and 
not nearly undercut, they will work as well 
as any others. The attainment of minimum 
bending stress is dependent much more 
upon accuracy in manufacture and very 
slight departures from the true involute 
curve than upon practical differences be- 
tween one tooth form and another. That 
maximum sliding velocity is unimportant 
may be guessed from the fact that while 
some experts say that it should be minimised, 
others have found reasous why it should be 
as high as possible. The unsoundness of claims 
for particular correction systems that they 
give a good balance between load capacities 
determined by surface stress and by bending 
stress becomes clear from the reflection 
that any desired ratio between these capa- 
cities can be obtained with any tooth-design 
system, by changing the pitch of the teeth 
on any given diameters. 

The correction system in B.S.S. 436-1940 
originated, so far as can be traced, with the 
Gleason Company in America. The pro- 
cedure to be followed has to be selected 
from three alternatives according to the 
numbers of teeth concerned and thers is no 
choice of centre distance when the pitch 
and the numbers of teeth are fixed. A 
special note says that the blank diameter 
calculated by the standard rule will have to 
be altered if the tip thickness of the tooth 
is to be maintained at some unspecified 
value but does not say whether there is any 
object in that. According to this system, 
standard cutters can be used only for gears 
to work at particular centre distances, as 
the flexibility of the involute system, pro- 
claimed in all text books, is not used at all. 








Even in B.8.8. 978, Part I (Instrument Gears), 
issued as late as 1952, it is insisted that for a 
given cutter and given numbers of teeth 
in spur gears, the centre distance can have 
only one value. An entirely false idea is 
thus conveyed to those readers who are not 
otherwise familiar with the subject, and a 
sense of doubt created in the minds of some 
who do know a little about it. 

The alternatives and provisos in the B.S. 
gear specifications are typical of those found 
in other attempts to expound the so-called 
“ correction.” Small wonder that the new- 
comer to gear design feels unsafe in depart- 
ing from the elemental Brown and Sharpe 
system and so we find standard cutters 
used badly and non-standard cutters made 
for jobs that could be handled with complete 
satisfaction of the basis of standard cutters 
properly used. 

Remarkable trepidation seems to be felt 
about the fact that the working pressure 
angle of a pair of involute gears may not be 
the standard pressure angle if the Brown 
and Sharpe system (now stigmatised as 
*‘ uncorrected ’’) is not used. There may be 
@ suspicion (quite unfounded) that gears 
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Fic. 2—EXTREMES OF SPUR GEAR TOOTH 
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generated by cutters of 20 deg. nominal 
pressure angle are not working correctly 
together if the pressure angle of engagement 
is other than 20 deg. Ifso that might explain 
reluctance to design gears in any but the 
old-established ways. It is here that the 
praetical man, unhampered by imperfectly 
comprehended theory, has a distinct advan- 
tage. Many a time have teeth been generated 
in blanks of “‘ wrong ” diameters, or “ wrong ” 
numbers of teeth generated in blanks of 
correct diameters, but if the errors in centre 
distance or gear ratio can be accommodated, 
the gears work together quite satisfactorily. 
The person responsible for the error may 
tend to ascribe the happy result to the 
timely intervention of Providence, but 
actually it is due to the fact that the involute 
helicoid surfaces of all teeth cut by any 
hob in any blank have a common normal 
base pitch (that of the hob) and will there- 
fore mesh correctly together. What is now 
recommended is that the flexibility that the 
practical man has discovered by accident 
should be used deliberately in = simplest 
possible way, ignoring the superfluous com- 
plication associated with the designer’s 
conventional habit of thinking in terms of 
pitch circles and “correction.” A gear 
generating cutter will cut any number of 
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teeth of its own normal base pitch in any 
blank, and they will be usable teeth if the 
blank diameter lies within a particular range. 
All that is necessary is a simple formula 
(e.g. (2) above) for defining such a range. 
Fig. 2 shows the extremes of tooth-form 
corresponding to the permitted variation in 
S for typical numbers of teeth. 

As the amount of backlash between full- 
depth teeth in gears of blank diameters 
totalling anythi different from (p,/7) 
[(¢+7') sec o+4] is a matter that troubles 
gear designers to the extent of frightening 
them away from any scheme that involves 
such a difference, it may be mentioned 
here. The highest ratio of backlash to centre 
distance occurs on the scheme proposed 
here when the total number of teeth is a 
minimum. For spur gears this is the case 
of two ten-tvoth gears meshing together 
and from Fig. 1 the maximum value of 8 is 3. 
From (3) the normal backlash is 

-65 . 
oe (pa/n)(6—4)*= "> (pa/n)?. 

For p,=n, and t=7'=10, the value of C 
(from (1), (2) and (4)) is 11, and the normal 
backlash is 





If the gears are to act as pump rotors 
(the most likely of equal gears with 
only ten teeth each) this backlash is about 
what is required for freedom from trapping 
of fluid. If, on the other hand, the condition 
of zero backlash is desired, the teeth of 
each gear must be cut to Jess than standard 
depth by the amount 0-236 x0-73=0-172 
and this means that the bottom clearance is 
reduced from the standard figure of 0-25 
to 0-078. That this reduction will cause no 
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Fic. 3—MESHING OF 10-TOOTH GEARS 


difficulty is shown by Fig. 3, from which 
it is seen that even on these shallow teeth 
contact never occurs within the inner limit 
of the involute part of the tooth-profile. 

The essence of the matter is that the back- 
lash with full depth is relatively large only 
where the total number of teeth in wheel and 
pinion is small; even in that circumstance 
it is safe to eliminate the backlash by cutting 
shallow teeth, because even then the contact 
does not extend into the notmal clearance 
space, although the tip of the mating tooth 
does so. 

SELECTION OF Axial PiToH 

Helical gears cut by the rack-generating 
process on machines like the Sunderland 
have axial pitch equal to the transverse 
pitch of the cutter multiplied by the cotan- 
gent of the angle between the cutter box 
guides and the axis of the work. In other 
words, the axial pitch of the gear is the pitch, 
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measured parallel to the axis of the gear, of 
the rack teeth represented by the cutter,’ 

Helical gears cut on Fellows or § 
machines have axial pitch equal to the leag 
of the helical cutter guide divided by the 
number of teeth in the cutter. 

Helical gears cut on hobbing machines 
may be given any axial pitch within the 
scope of the machine. As the setting up of g 
hobbing machine to cut helical gears involves 
the selection of charge wheels to give g 
velocity ratio proportional to the axial 
pitch of the gear to be cut, it is obvious 
(when pointed out) that the axial pitch 
should preferably be chosen so as to make the 
selection of charge wheels easy, but this jg 
rarely done. 

A common practice, arising out of failure 
to comprehend that the axial pitch is the 
fundamental measure of the helical character 
of the gear, is to work on some arbit 
spiral angle, say 30 deg., and then to calcu. 
late the axial pitch from pa=p, cosec oc. If 
this works out to an exactly factorable 
number of inches (and it does if p, is a 
round number of inches and o=30 deg.), well 
and good, but if it does not the result is 
such @ frequently seen type of absurdity 
as a lead specified on a drawing to be (say) 
76-38317in, whereas it might equally well 
have been 76in or 77in. 

The essential condition is that mating 
gears must have a common axial pitch and 
this shows at once that the rational procedure 
is to select an axial pitch that is a low. 
factored multiple of the axial pitch of the feed 
screw of the hobbing machine, regardless of 
the exact value of the spiral angle. The 
nominal spiral angle is then determined by 
slide-rule calculation from the normal pitch 
and the axial pitch. It is used in determining 
the range of permissible blank diameter for 
@ given number of teeth and in determining 
the setting angle for the hob. This latter is 
not critical to anything less than about 20 
minutes of angle. The lead of the gear, 
and the spiral angle at any radius, are deter- 
mined by the set-up of the “ spiralling mecha- 
nism ” of the hobbing machine and are not 
influenced in any way by the angular position 
of the hob. The only limitations on the 
setting angle are imposed by the necessity 
of having cutting relief angle on both flanks 
of each hob tooth. Within this tolerance, 
the setting angle has no measurable effect 
on the form of the teeth of the work and none 


-at all on their lead. 


The proposals outlined here involve no 
conflict with any existing procedure. The 
latter gives, after some needless complica- 
tion, solutions of limited utility, whereas 
the recommended method is to calculate 
manufacturing dimensions directly in a way 
that avoids any need for non-standard 
cutters whatever centre distance is required 
for the mating gears. It is thus in one way 4 
reversion to very old practice, commonly 
used with the Brown and Sharpe system of 
gearing, but obscured because the idéa of 
“ correction” was applied to the imaginary 
addendum instead of specifying a permis- 
sible range for the tangible blank diameter. 


Design PROCEDURE 
From (1), (2) and (4) 
20=(pn/n)[(t+T) sec o+Sp+Su—4], 


whence 
2x0 


Pa=(t-+T) sec o+Sp+Su—4 





» (5) 


and 
Spt+So= (2Cx/pn) +4—(t+T) seca . (6) 
Equation (5) makes it possible to deter- 
mine directly the permissible range of nor- 
mal pitch for given centre distance, numbers 
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of teeth and spiral angle by inserting in it, 

first, the maximum permissible values of 

g, and Sy», and, secondly, their minimum 
issible values. 

When & normal pitch has been selected 
from the available range, equation (6) 
specifies the sum of S, and Sy. Within 
this limitation and that of Fig. 1, any com- 
pination of S, and 8, may be used, but an 
arbitrary procedure is suggested for general 
guidance. 

(1) Make S,=Sy=4(S,+S,) if this value 
lies within the range permitted for S, by 


Fig. 1. 

@) If 4(Sp+Se) exceeds the maximum 
permitted for S, by Fig. 1, give 8, the maxi- 
mum permitted value. 

(3) If 4(S,+Sy) is less than the minimum 
permitted for 8, by Fig. 1, give 8, (for the 
wheel) the minimum value permitted by 
Fig. 1. 

Roecial Case.—If the wheel normally 
drives the pinion, S, should preferably have 
the minimum permitted value, but must not 
be greater than S,,. 

General.—If (S,+Sy) lies outside the 
limits permitted by Fig. 1 for the particular 
yalues of ¢ and 7’, another combination of 
numbers of teeth may be tried or, in the case 
of helical gears, the spiral angle may be 


changed. 
Numerical Example.— 
Let t=18 
T =41 
o=30 deg. 
C=10in. 


The value of p, is determined from (5), 
first, for the maximum permissible values 
of S, and S, and, secondly, for their mini- 
mum permissible values. From Fig. 1 
the former are S,=3-95 and S,=—4-25, 
and the latter are S,=1-6 and S,=1-1. 


2x10 0-870 
(18+ 41) sec 30 deg.+4-2— 
2x10 


(184-41) sec 30 deg.—1-3 
The standard normal pitches 0-875, 0- 8976 
(3+ D.P.) and 0-9375 are within this range. 
Adopting the middle one, the corresponding 
axial pitch for c=30 deg. is 0-8976 cosec 
30 deg. =1-7952, which is an unnecessarily 
inconvenient number. Substituting p,=1-8 
to facilitate change-gear calculations, 
o-st7 0-499 





Min. Pr= 





Max. pa= =0-94, 


sin o= 
whence 
o= 29-93 deg. 
and for this purpose this value is indis- 
tinguishable from 30 deg. 

Using this in (6), 

Sp+Sw=(2 x 10x 3-5) 
+4—(18+41) sec 30 deg.=5-8. 

Now 3(S,+8,)=2-9, and this is within 
the permitted range for S,. This value is 
therefore adopted for both S, and S,. 
Hence from (1) and (2), 


1 
da= 5 ,(18 sec 30 deg.+2-9)=6-77 


Di=z(4l sec 30 deg.+ 2-9)= 14-36. 
From (4) 
=5(6-77-+14-36)—."5 =9- 994. 
Das correct this small discrepancy of 0-006, 
n 


Da=20 + ~~ —dg= 21: 143—6-77= 14-373. 


The essential manufacturing particulars of 
the gears are, therefore :— 
1. Use hob of British Standard tooth form 
3} D.P. normal, 
Axial pitch of pinion and wheel=1-8in. 
Blank diameter of pinion=6-770. 
Blank diameter of wheel = 14-373. 
Spiral angle of pinion and wheel = 30 deg. 


Shim 0:20 
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at P, and P,, sep- 
arated by a distance 


o 5 (Sp+Se—4). 


Teeth symmetrically 
i about O, 0, 
touch the transverse 
We section of the generat- 





ss ing rack tooth flank 
3 (transverse pressure 
4 angle q,) at Q, and Q,; 
! the feet of the per- 








05 


FiG. 4—BACKLASH BETWEEN FULL DEPTH TEETH 


6. Standard caliper settings : 
Thickness g=G 
== (0-321 x 2-9+0-745)/3-5=0-479. 
Height h=H 
= (0-442 x 2-9—0-137)/3-5=0-327. 

(Because S,=S, in this case, the caliper 
settings are the same for both pinion and 
wheel.) 

7. Backlash with standard caliper settings 

ag (3)), 

oS (1/3-5)*[5-8—4} cos* 30 deg. =0-013- 

To reduce this to zero, if desired, each 
thickness setting must be 

0-479+-0-53 x 0-013=0- 486, 

All these calculations are adequately 
effected by slide-rule. 

Notr.—In the case of helical gears, any 
specified centre distance may be accom- 
modated by adjustment of spiral angle with 
fixed values of S, and 8,. In the numerical 
example given above, however, this pos- 
sibility was not used, but the specified spiral 
angle was maintained (apart from a small 
adjustment to obtain a rational axial 
pitch) to demonstrate how the permitted 
variation in S may be used to adapt 
the design to a specified centre distance. 


Deraits NOT REQUIRED IN DESIGN 


Although the usual text-book analysis 
of involute gear geometry is capable of 
answering any question that the inquiring 
gear technician may ask about the basis of 
the procedure described above, it may be 
useful to insert some guidance for those 
who are tempted in that direction. 


Pitch diameter of generation 
_ No. of teeth Papn 
‘is V (pa? —Pn*)” 


PaPn COS Yn 
™ V/(pa®—pn* cos* Yn)" 

Pitch diameters of engagement 

2Ct 2C0T 

7 Oe eT” 
Transverse pressure angle (ie) of engage- 

ment is defined by 

Sum of base diameters 
2C k 


The derivation of (3) is based on the fact 
that over a short arc the involute is a close 
approximation to a circular arc, and is 
illustrated by Fig. 4, which represents a 
transverse section of a pair of helical gears. 
The pitch circles of generation of pinion 
and wheel intersect the line of centres 





wT 
Base diameter 
_ No. of teeth 











Cos Yte= 


Ce 
base Circle 


lS pendiculars from P, 
and P, and the centres 
of curvature of the in- 
volutes at these points 
are S, and S, respect- 
ively, the points of 
tangency of the per- 
pendiculars to the base 
circles. The radii of 
curvature are S,Q; 
and S,Q,. By dropping 
a perpendicular 0,X 
from O, to the ex- 
tended radius 0,8, 
it can be seen that 
8,0,+8.Q,.=0,X =C sin }. 

at oe tooth profiles touch the rack 
profile at points separated by the distance 
Q,Q2, which is P,P, cos 4. 

The normal clearance between the tooth 
profiles in this transverse section is the dif- 
ference between S,S, and the sum of the 
radii of the circular arcs. 

Now 

8,S,= VU(SiQi+ S,Q,)?+ Q:2,7) 
and so 

SS,—(8,Q, +5222), 
which is a small difference, is equal to 


8,0,+8,00,/[1+ (goo) ] 





— (8,2, +5322) 
_.1 (P,P, cos ve)? 
2 Csins 
1 (Sp+Sw—4)?/ cos? c 
= 30 Pn/n)* ie Un 8€C Go (008 dno? :) 


where o, is the base spiral angle. 

The clearance between the helical tooth 
profiles measured normal to them is deter- 
mined by multiplying this quantity by cos o, 
and the total normal backlash is twice this. 

Hence : 

Normal backlash av 

= JolalMSp+Su— 4008". 

For $,=20 deg., this becomes 

Normal backlash 


oF (wn/n)*(Sp+Sw—4)? cos" o. 








CoNCLUSION 

Simplicity is a sound ideal in all engineer- 
ing design. It is particularly important in 
a standard specification because that is 
the natural resort of an engineer who seeks 
guidance in a specialised subject. The more 
specialised the terminology and the more com- 
plicated the procedure laid down in a stan- 
dard specification, the less likely is it to be 
applied. Even now great use is made of old 
tables of ‘‘ gear tooth parts” on the Brown 
and Sharpe system, because the formule 
given are extremely simple. The objections 
to them are that they do not indicate that 
non-standard cutters need never be used 
and that compliance with them does not 
make tho best use of standard cutters. 
The aim of the system described in this 
article is to offer the utmost simplicity con- 
sistent with full and efficient use of standard 
tools. 
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Underground Gasification of Coal at 


Gorgas, 


Alabama 


During the autumn and winter of 1946-47 an 


experiment in the underground 


gasification of coal was conducted by the U.S. Bureau of Mines and the Alabama 
Power Company. A second experiment was started in March, 1949, and concluded 
224 months later. This article describes the necessary constructional work, gives 
particulars of the operational results, and discusses the conclusions that can be 
drawn. For part of the experiment gas turbine driven superchargers were employed 


to supply the necessary air. 


| ee may be recalled that the U.S. Bureau of 
Mines and the Alabama Power Company 
jointly conducted a first experiment in under- 
ground gasification of coal at Gorgas, Alabama, 
during the autumn and winter of 1946-47. 
This preliminary experiment showed that it was 
not difficult to maintain combustion of coal 
underground, and that coal in place could be 
completely gasified. It was noted that the 
high temperature developed by the gasification 
of coal in place brought about changes in the 
overlying strata which appeared to be favour- 
able to the process. The high temperatures 
caused the roof rock to become plastic, to 
expand, and to settle down on the mine floor 
directly behind the reacting coke face. These 
results were considered promising enough to 
warrant further investigation of the process. 
It was believed that if this action could be con- 
trolled properly with roofs of similar composition 
it would tend to force the gas-making fluids 
underground against the coal faces. Plans for 
the second experiment were based in part on 
this favourable roof action, and the successful 
operation of the planned initial straight-line 
depended on this fact. 
Gorgas was chosen as the site for the second 
iment for the following reasons :—A tract 
of coal land of sufficient size was available, 
isolated from the main body of coal; the roof 
rock was similar in composition to that 
encountered in the first experiment; and the 
overlying strata were thick enough to eliminate 
some of the operating difficulties that had been 
encountered. In addition, power, water and 
machine shop facilities as well as an adequate 
supply of labour were available in this area. 
The coal bed selected dips approximately 
1 deg. 55 min. in the direction a little east of 
south. In this area the coal ranges in thickness 
from 40in to 44in. Vertical face cleats in the 
coal are closely spaced, averaging twenty 
cleats to the foot and running S. 50 deg. W. 
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PLAN OF ENTRY SEAL. 
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SECTION A.A. 


Fic. 1—ENTRY SEAL 






Starting at the top, the coal bed can be de- 
scribed as follows :— 


Inches Bright coal 
7 oe ight 
2 ee 
7 ees 
4 ... «.. Bone or fusain 
24 Coal with streaks of bone or fusain 


Analysis of the coal by the Central Experiment 
Station of the Bureau of Mines led to its 
classification as “ highly volatile ‘A’ bitumin- 
ous,” described as “‘ good coking” quality. In 
this second underground gasification experi- 
ment it was planned to utilise the principles 
of the “stream method,’ wherein the - 
making fluids flow past a coal face and make 
contact with it. The exposed face is the full 
thickness of the coal bed, and, as the carbon- 
aceous material is gasified the face recedes. It 
was decided to use a straight-line passage in the 
coal bed with inlet and outlet connections to 
gasify the coal exposed, and to advance the 
combustion of an area by constructing new 
inlets or outlets off the line of the original 
passage as needed. Thus, an area would be 
gasified in roughly triangular increments. This 
system was dependent on the roof action in an 
adjacent burned-out increment, so that the 
blast medium would always be forced against 
reacting coal faces. The roof action in the first 
experiment was thought adequate to make this 
plan applicable. It was decided to use air as a 
gasification medium, as it was believed that the 
information obtained would be fundamental, 
and, by using air, the cost of the gas-making 
fluids would be reduced materially, as com- 
pared to using oxygen. 

The primary objectives of this second experi- 
ment at Gorgas were to extract the energy 
contained in unmined coal and to obtain funda- 
mental knowledge relating to the underground 
gasification of coal by :— 

(1) Determining the quantity of coal which 
can be gasified from a given initial combustion 
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zone and the shape and extent of the burned. 
out area formed by this gasification ; 

(2) Determining the quality and quantity of 
the air-blow product gas generated at the con. 
ditions of the experiment ; 

(3) Determining the operational character. 
istics of the system as designed and gop, 
structed, including such fundamental factor 
as the optimum length of passage, the optimum 
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FiG. 3—-PLAN OF PROJECT 


rate of fluid flow and the pressure drop 
encountered ; 

(4) Obtaining information regarding the 
action of heat on the overlying strata ; and 

(5) Obtaining technical and economic in- 
formation with regard to the choice of plant 
sites, installations and operating procedures, 
including the installation and testing of air 
inlets and gas outlets, both as vertical bore-holes 
to the coal bed and as stoppings in the coal bed 
near the outcrop. 


CONSTRUCTION 


The second experiment in the underground 
gasification of coal at Gorgas was operated con- 
tinuously for 22} months. As shown in Fig. 3, 
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FIG. 2—BOREHOLE INSTALLATION 
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the initial development consisted of 1100ft of 
double entry between bore-hole II and the 
try seal driven horizontally in the coal bed 
and a single entry 300ft long connecting bore- 
hole II with bore-hole I> These entries pro- 
vided @ passage for the gas-making fluids along 
the coal faces. The entry seal, which is shown 
in Fig. 1, consisted of a three-course wall of fire- 
prick backed with steel buckstays. The top and 
inby sides of this wall were pressure grouted to 
the roof and surrounding stratum with neat 
gement admitted through the four 6in bore- 
holes shown. After grouting the wall, the inby 
and outby exposed surfaces were grouted 
with a refractory cement applied with a 
cement gun. Later, the air space along the outby 
face of the seal was filled with concrete made 
from cement, rock dust and sand. The 24in 
diameter outlet pipes were set in concrete, as 
shown, and the explosion discs were set in 
anchored to the concrete surrounding 
the outlet pipes. A fan and fan house were 
erected and connected to the escapeway in such 
a way that at all times men could travel under- 
und to the entry seal without danger of 
interruption of air supply. The portals of the 
air course and entry were fitted with doors and 
regulators so that the air flow could be con- 
trolled as desired when work at the entry seal 
was necessary. The roof of the entry from the 
rtal to bore-hole I was supported by steel 
rail set in hitches in the top coal and secured 
by wedges of stone or brick. The steel rails 
were approximately 13ft long and were placed 
on 2ft centres. 

Five large-diameter bore-holes situated on 
300ft centres were drilled from the surface to 
the entries, and subsequently two additional 

-diameter bore-holes were drilled near the 
perimeter of the reacting zone in order to intro- 
duce air at the horizon of the coal bed and to 
remove gas and products of combustion. 
Before drilling the large bore-holes I to V, 
inclusive, the area through which each hole was 
to be drilled was pressure grouted with cement. 
The arrangement of the pressure grout holes is 
shown in Fig. 2. Grout was applied in the 
unlined holes from a depth of 30ft below the 
surface to the coal bed. Each of the bore-holes 
was fitted with a surface seal. In order to 
accommodate the seal, each bore-hole had been 
reamed to 54in diameter for varying depths. 
After placing the water jacket the annulus was 
filled with concrete and the surface pad was 

ured. The purpose of the water jacket at 
each bore-hole was to maintain a tight seal 
between the concrete surface plug and the bore- 
hole casing and was not intended as a means of 
cooling the effluent gas. 

On the surface a 20in diameter air blast 
manifold was installed to connect the large 
bore-holes with the compressor units. The con- 
nections to the bore-holes were equipped with 
valves, so that each could be used either as an 
air inlet or a gas outlet. Each of the bore-holes 
was fitted with an internal water spray, thermo- 
couples and sampling connections. The thermo- 
couples normally were situated at the gas 
sampling point and at a depth of 40ft below 
ground level. Recording flow meters as well as 
temperature and pressure measuring, devices 
were installed in the air manifold. The primary 
air source for the project was a reciprocating 
compressor powered by an 800 h.p. synchronous 
motor having a rated capacity of 7200 cubic 
feet per minute of free air at a discharge pressure 
of 30 lb per square inch gauge (Fig. 4). Auxiliary 
air compression equipment consisted of two 
rotary, positive pressure blowers. One of these 
was powered by @ 100 h.p. motor and had a 
rated capacity of 1600 cubic feet per minute of 
free air at 101b per square inch gauge. The 
other unit had a rated capacity of approxi- 
mately 7000 cubic feet per minute of free air 
with a discharge pressure of 2 1b per square inch 
gauge and was powered by a 75 h.p. motor, 

Two mobile gas sampling units were built and 
connected to the outlet stacks as desired. These 
units included a primary condenser, a coke 
filter tower, a secondary tubular condenser, a 
gas pump, an after condenser, and flow measur- 
ing equipment, as shown in Fig. 5. The gas 
leaving the units was piped to the laboratory, 
where iron oxide boxes, @ 100 cubic foot gas- 
holder, and @ pressure regulator were installed. 
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FIG. 4—RECIPROCATING AIR COMPRESSOR 


From the iron oxide boxes the gas sample 
was piped to a recording calorimeter and 
to a recording gravitometer in the laboratory 
building. 

It was decided to install two turbo-super- 
chargers similar to those used in aircraft 
engines, to obtain some information on the 
possibilities of operating gas turbines in con- 
nection with underground gasification. At 
bore-hole III the gas turbine installation 
shown in Fig. 6 was constructed. It consisted 
of five cyclone knock-out chambers acting in 
parallel for the removal of dust and clinker 
from the effluent gas. The discharge from the 
knockout chambers was connected to the 
intakes of two gas turbines connected in 
parallel. In each turbo-compressor the turbine 
and the air compressor were mounted on the 
same shaft. Two stages of compression were 
obtained as air was admitted to one compressor 
unit, and this discharged into the intake of the 
second, The discharge from the second com- 
pressor was added to the air stream entering the 
underground system or discharged to the 
atmosphere. All units comprising the gas 
turbine installation were mounted on concrete 
foundations. The knockout chambers and the 
hot gas-handling lines were insulated with 2in 
of magnesia asbestos lagging. Steel barricades 
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holes I and II was un- 
dercut toa depth of 15in 
and the loose coal ob- 
tained was piled against 
the ribs. Approximate- 
ly 15 tons of coal was 
placed around the base 
of bore-hole I and along 
the ribs of the entry. 
Several cords of pine- 
wood was stacked on 
‘top of the coal and a 
number of thermite 
fire bombs was placed 
in the pile of fuel. One 
hundred gallons of fuel 
oil was poured down 
bore-hole I. The 1600 
cubic foot per minute 
compressor was started 
and at 3 p.m. on March 
18, 1949, a thermite 
bomb was dropped 
down  bore-hole I, 
causing operation of 
the project to begin. 
On February 7, 1951, 
operation of the project 
was discontinued, and, in order to extinguish 
the fire and cool the underground residue, 
flooding the system with water was started. 
Water was pumped underground at the rate of 
about 60 gallons per minute, and the steam 
liberated was discharged at the several bore- 
holes as desired, The water pumped under- 
ground vaporised and was discharged as steam, 
dissociated and left the system as gas or re- 
mained as liquid in the passages underground. 
Steam or water saturated dried strata 
adjacent to the combustion zone. The steam 
which formed, provided its discharge was 
throttled, asserted a positive pressure under- 
ground and blanketed the system effectively 
and precluded the possibility of air reaching 
hot carbon. 

During the operatiof 10,485 short tons of 
moisture and ash-free coal was consumed, under- 
lying an area of 83,690 square feet adjacent to 
the original entry. Up to the time the project 
was discontinued no difficulty had been expe- 
rienced in maintaining combustion, and no 
limit as to the ultimate quantity of coal which 
could be gasified from a given opening had been 
determined. 

It was part of the original plan to extend the 
gasification to cover a large area of coal bed 
by providing new inlets and outlets by drilling 
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were erected around the turbo-compressor 
units, and an adequate oil cooling and storage 
system was installed. The gas discharge from 
the gas turbines was vented to the atmosphere 
through a 20in diameter stack. 


OPERATION 

Operation of the project was divided into 
several periods. Various problems developed 
and certain operational changes were made. In 
each instance the changes were planned either 
to correct difficulties encountered or to obtain 
information regarding the effect of certain 
variables on the process.. To fire the project 
each rib of the 300ft single entry between bore- 
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bore-holes off the line of the original entry and 
tangent to the perimeter of the burned-out 
area, This was done in the course of the experi- 
ment, and it was found that the gasified area 
could be extended thus. A bore-hole drilled 75ft 
east of bore-hole II made contact with the 
reacting face and was utilised to advance the face 
further. It appears that there is no definite limit 
to the area of coal bed that may be exploited in 
this manner. A second objective of the experi- 
ment was to determine the quality and quantity 
of the product gases produced when using air for 
combustion. Gaseous products having a heat- 
ing value of 90 to 150 B.Th.U. per cubic foot 
were obtained at times during the operation of 
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the project. During the operation between 
bore-hole II and a new bore-hole VI, which 
was drilled at the perimeter of the burned-out 
area, a combustible gas with a heating value 
of 90 B.Th.U. per cubic foot was produced at 
a rate of 9,400,000 cubic feet per day. In this 
instance the effective period of operation was 
only eight hours, because the walls of the outlet 
fused and the bore-hole was destroyed. Subse- 
quently, during operation of the section between 
bore-hole III and another new bore-hole, VII, 
a production of 6,700,000 cubic feet per day of 
gas with a heating value of 72 B.Th.U. per 
cubic foot was attained. In each of the above 
instances the new bore-hole was drilled at the 
perimeter of the burned-out area, which re- 
sulted in a product of improved quality as well 
as the extension of the gasification over a larger 
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rate of fluid flow was relatively low the per- 
centage moisture content of the effluent gases 
was high and heat losses from the system were 
excessive. Under such conditions the operating 
characteristics of the deteriorated 
rapidly. Heat balances obtained during the 
operation consistently show maximum energy 
recovery in the effluent gases during prolonged 

iods of operation in one direction at the 
highest air input rates available at the project. 
This stands out during a long cycle operation in 
the course of the period from October 5 to 
December 22, 1949, and during a period of 
operation between bore-holes V and III just 
before cooling was started. In the first of the 
above periods the heat loss to underground 
strata during prolonged cycles at high discharge 


temperatures and maximum air input rates 
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area. It was found that maintaining efficient averaged approximately 20 per cent, whereas 


contact between the gas-making fluids and the 
carbonaceous faces was a prerequisite for 
recovering maximum energy from the coal either 
in the form of a combustible gas or as sensible 
and latent heat in the gaseous products. A 
large proportion of the work at the project was 
therefore directed toward obtaining efficient 
contact. 

Partial solutions were achieved, and various 
procedures were indicated for further attack. 
The use of 10ft wide openings underground did 
not promote efficient contact between the coal 
faces and the gas-making fluids. It was found 
that the dimensions of the original openings 
should have been smaller in order to obtain a 
better product. Some success was achieved in 
forcing contact between the coal faces and the 
gas-making fluids by filling void spaces under- 
ground with liquefied solids. It has been esti- 
mated that during periods in which this pro- 
cedure was used the contact efficiency probably 
was increased fourfold, and the utilisation of new 
inlets and outlets near fresh coal faces and off the 
line of the original underground openings pro- 
vided better contact. The rate of combustion 
of coal was increased from 9 to 18 short tons and 
thence to 30 to 45 short tons per day. 

Another purpose of the experiment was to 
determine the optimum rate of air input for a 
given system. Consideration of the results 
obtained and a study of the moisture inflow to 
the system indicates that the fluid flow must be 
maintained at such a quantity that the heat 
losses from the evaporation and dissociation of 
moisture do not become excessive. No criterion 
as to the permissible limit of heat loss due to 
moisture was established, but it is believed that 
the volume of fluid flow through the system 
must be maintained large enough so that the 
heat loss from this cause does not exceed 5 to 
15 per cent of the heat of combustion of the 
coal consumed. If the fluid flow was reduced 
in quantity the heat loss from this source 
tended to increase beyond these figures, and an 
adequate temperature level could not be main- 
tained. During periods of operation when the 


with intermediate air input rates the loss 
amounted to 26 per cent, and with low input air 
rates the loss was 36 per cent. These figures 
indicate that high rates of coal consumption 
and high rates of fluid flow are desirable in 
underground gasification. 

The action of the immediate roof in regions 
outside the original underground passages 
where the coal was burned out has not yet been 
completely assessed. The information avail- 
able indicates that this roof came down behind 
the reacting coal faces and tended to force the 
fluid flow toward the face. It was expected that 
bloating of the roof rock would completely fill 
the space where coal had been consumed. 
Although definite evidence is lacking, there are 
indications that partial bloating occurred. The 
gradual increase in back pressure during each 
of the operating periods shows that the passage- 
ways between the inlet and outlet bore-holes 
became more constricted with the time in spite 
of the fact that the volume of coal consumed 
increased with time; however, in every 
instance holes drilled into the burned-out area 
admitted air or water and emitted gas. It was 
evident that in places where the coal was burned 
out a restricted flow of gas existed. Prolonged 
exposure of the strata above the coal bed to-heat 
caused cracking and added to the permeability 
of the burned-out area. In all cases the 
growth of the burned-out area resulted in a 
deterioration in the operating characteristics. 
The measured rate of advance in the area 
between bore-holes I and II ranged between 
1-25in and 2in per day. It was likely that this 
rate was exceeded in the area between bore- 
holes VII and III ; however, the rates here were 
not measured. Theoretically, the total heat 
lost to the strata should decrease with increasing 
rate of advance of the reacting face. The source 
of heat is the reaction, and, with a higher rate 
of advance, less total time would be available 
for heat to penetrate into the rock above and 


below the coal bed. 
The operation at Gorgas indicated that the 


optimum conditions for underground gasifica- 
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tion employing the stream method required 
high rates of reaction and rapid movement Of the 
coal faces underground in order to minimise 
losses from the system. In addition, the 

tion consistently indicated that when fresh 
faces were exposed near the inlet or outlet, to 
the system the best contact efficiency and ¢), 
best energy recovery, either in the form of , 
combustible gas or as heat, were obtained, 

Studies were made of leakage from the undey. 
ground system during various periods of Opera. 
tion. These indicate that leakage increageg 
gradually with time up to approximately 50 per 
cent of the total fluid input and remained f, 
constant at this figure. There were incicationg 
that the increase in leakage was influenced by 
subsidence of the strata overlying the burned. 
out region causing cracks through which the 
gas escaped. Several initial leaks were foung 
in early operations, but these accounted for 
only a small proportion of the leakage tha; 
eventually occurred. The figure of 50 per cent 
was exceeded when higher pressures were placed 
upon the underground system by closing off 
or choking the gas outlets. It was possibj, 
that long exposure to heat and subsequent 
drying of strata increased leakage. Further. 
more, the applied air pressure could force 
moisture back into the capillaries of the strata 
and thus reduce the sealing effect of water, 

An objective of the experiment was to deter. 
mine the optimum length of underground 
passage which could be used. It was found that 
quadrupling the surface area of the coal faces 
initially available increased the rate of consump. 
tion of coal by a factor of approximately 2-5, 
This was based upon @ comparison of the 
operation between bore-holes I and II before any 
“* fluidised” sand was injected underground, 
and the operation between bore-holes ITI and V, 

Various designs of equipment and systems of 
construction were tested during the experiment, 
It was found that the installation of a water 
jacket between the bore-hole casing and the 
concrete surface seal was very effective for 
handling hot gases, and caused exit bore. 
holes to be operable for long periods. Re. 
fractory lined bore-holes handling hot gases 
did not prove superior to unlined bore-holes, 
and the extra cost of using refractories in future 
installations does not appear justified. The use 
of pressure grouting techniques in areas sur- 
rounding an outlet hole as a means of decreas- 
ing the porosity of the stratum which was 
traversed by the opening appears to be advan. 
tageous. This technique can be used also in 
decreasing leakage over limited areas, as the 
grout will fill horizontal and vertical cracks 
intercepted by the hole. The construction of 
the entry seal was adequate for the service 
required. Leakage from this seal was not 
excessive, but a more satisfactory method of 
construction calls for sinking the seal to a 
greater depth in the bottom rock and improving 
the application of pressure grouting techniques. 
It is believed that the use of supporting brick- 
work around the base of the bore-holes serving 
as inlets and outlets might help in prolonging 
the life of the openings in question ; however, 
there was little difference between the service 
obtained at bore-hole VII, where it was not 
possible to use this construction, and the 
service of the brick-supported bore-holes I to V. 


OPERATION OF THE GAs TURBINES 

During operations concentrated in the region 
between bore-holes VII and III it was decided 
to set up one of the two small gas turbines at 
bore-hole III. The primary purpose of this 
installation was to increase the air input at 
bore-hole VII and to obtain operating charac- 
teristics of the system, using flow rates exceed- 
in the maximum previously employed. It was 
also desired to learn something of the operating 
characteristics of the system at a_ higher 
average pressure, and a further objective was to 
determine whether the effluent gases could be 
used in a gas turbine without requiring excessive 
cleaning of the gases to prevent solids accumu- 
lation and corrosion and erosion of the turbine 
blades and auxiliary equipment. 

A single turbo-supercharger unit was installed 
at bore-hole III and tested during several 
cycles at a temperature range of 400 deg. to 
600 deg. Fah. It was found that the maximum 
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obtainable at bore-hole III was 10 lb 
square inch gauge, and under these tempera- 
ture and pressure conditions one turbo-super- 
r unit would not operate at an adequate 
efficiency level to pump air into the manifold 
against the discharge pressure of the recipro- 
cating compressor. ‘Furthermore, the low 
temperature of the effluent gases favoured the 
deposition of tarry material on the turbine 
blades, and after a few hours’ operation this 
deposit caused a serious drop in the turbine 
efficiency. With an input pressure of 10 lb per 
square inch gauge it was found that the single 
turbine unit would operate at a speed of 
14,000 to 16,000 r.p.m. 
Because these tests showed that a single 
turbine unit was inadequate to pump air at the 
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forged into a bit was allowed to fall freely 
through a distance of 15ft. A few blows 
sufficed to punch through each obstruction. 
Further tests with the turbo-supercharger units 
were not made, 

The turbo-supercharger test showed quali- 
tatively that it was possible to use the effluent 
gas produced by underground gasification. 
Although the operating efficiency of the turbo- 
supercharger units was not high, the test 
showed that if the outlet pressure was increased 
to a more satisfactory level and more efficient 
units were installed the recoverable energy 
would be increased at least three or four times. 
Furthermore, the heating value of the gas was 
wasted in this test and could be utilised in a 
more efficient installation. By making these 


Operation of Turbo-Supercharger Units 
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the coal can be brought out of the ground as 
sensible and latent heat of the effluent gases, 
and qualitatively it has been shown that this 
energy can be utilised in a gas turbine. Com- 
bustible gases can be produced underground on 
the coal ribs, but inadequate control of contact 
between the carbon faces and the gas-making 
fluids has so far prevented obtaining this gas 
above ground for more than a few days at a 
time. 

A new installation has been constructed at 
Gorgas to facilitate additional investigation 
of the process of underground gasification. The 
“* American ”’ bed, which lies under the “‘ Pratt ” 
coal bed in this area, is now being gasified, and 
an electrical system of connecting inlets and 
outlets in the coal bed is being tried. The 























Gas temperatures, deg. Fah. Compressor operation Ratio of air compressed 
Gas pressure Adiabatic efficiency, ito gas expanded uongh 
turbine per cent Overall turbines 
Period inlet, Entering Entering Turbine discharge Discharge Discharge adiabatic 
Ib. per sq. cleaning turbines |— volume, ressure, efficiency Mol. of air | Lb of air 
in gauge train First Second First Second cubic feet Tb persq of two stages,| per mol. of |per lb of gasf 
turbine turbine turbine turbine per min* in gauge per cent gas 
1 | 5&4 1051 840 _ — — 995 1:5 44-5 _ — 
2 8-3 1311 1130 ae a= — 1665 16-6 52-8 _— _ 
3 9-2 1377 1190 1127 1074 _ 59-4 1850 17°3 45-8 _ _ 
4 9-3 1356 1190 llil 1088 47-4 48-4 1935 17°5 44°3 0-448 0-444 
5 9-5 1217 1110 1024 1010 46-7 49-5 1940 17-7 35-4 0-445 0-443 
6 9-7 1194 1090 987 970 54-7 54-9 1970 17-7 39-8 0-540 0-537 
7 9-6 1214 1090 1004 985 51-4 50-3 1905 17-6 37-8 0-504 0-504 
8 9-3 1220 1120 1028 1017 47-0 58-2 1800 17-2 40-5 0-472 0-474 
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* At 60 deg. Fah., 30in Hg., dry. 


required pressure @ second turbine was installed. 
The two turbo-supercharger units were con- 
nected as shown in Fig. 6. The turbine ends of 
each machine were connected in parallel and 
the compressor ends were connected in series. 
This installation permitted a greater mass flow 
through the turbines and gave two stages of air 
compression. Preliminary tests on the units 
connected in this manner indicated that the 
compressors could be used to increase the air 
input to the mine. During the testing of the 
turbo-superchargers the gasification project 
was operated with an average pressure of 17-5 1b 
per square inch gauge on the input air and 
9-4 lb per square inch gauge on the effluent gas. 
The average pressure on the underground system 
was thus 13-:5lb per square inch gauge. 
Throughout the test the oxygen content of the 
effluent gas was negligible, the rate of coal 
consumption was high, and the heating value 
of the gases discharged from the turbines 
increased steadily with time. At first the flame 
due to the burning gases was visible only 
around the perimeter of the turbines, where the 
gases entered the discharge stacks ; but subse- 
quently the gas di from the two 20in 
stacks was burning, and the height of the flame 
cone incteased with time. The increased total 
pressure and the resultant increase in partial 
pressure of the oxygen underground resulted 
in @ general improvement in gas quality and in 
operating characteristics. 

Results of the turbo-supercharger operation are 
summarised in the above table. Under test con- 
ditions the speed of each unit ranged from 
14,000 to 16,000 r.p.m. The cyclone knock- 
out chambers installed ahead of the turbines 
removed a small quantity of fine dust, and 
occasionally quantities of dust went through 
the turbines. Examination of the turbine 
blades following this test and including some 
thirty hours of prior operafion did not reveal 
any serious damage or build-up on the blades. 
This was qualitative only as the effect of the 
dust on the blading would have to be deter- 
mined over long operating periods. Through- 
out the test water was sprayed into the effluent 
gases at the base of bore-hole III to prevent 
the temperature from rising above 1400 deg. 
Fah. The temperature level was held at the 
desired value, but at the end of the eighth 
period the refractory lining slumped and 
blocked bore-hole III at two points. This 
slumping took place at points 42ft and 52ft 
below the surface of the ground. At each 
elevation the blocked portion was not extensive, 
for it was later possible to reopen the bore-hole 
by punching a hole through the obstructed 
regions. A length of steel rail having one end 


changes it is considered possible to supply an 
underground gasification system with air and 
make a considerable portion of the energy 
of the coal available as a product. 

While the underground gasification of coal is 
still in the experimental stage, several results 
which appear to be favourable from an economic 
point of view have now been obtained. The 
quantity of coal which can be gasified from an 
initial opening in the coal bed is presumably 
limited, but to date no definite limit has been 
reached. More than 5000 short tons of coal 
from a bed 42in thick have been gasified from 
the ribs of an initial 300ft entry in the coal bed. 
It has been possible to enlarge the area of coal 
consumed by constructing new inlets and out- 
lets near the combustion faces. The energy of 


+ Corrected for moisture content 


additional cover over the American bed and 
the greater distances to its outcrops is expected 
to be of help in preparing a system which will 
be much tighter with respect to gas leakage. 
The electrical system of connecting inlets and 
outlets should reduce site development costs 
greatly and eliminate all underground labour. 

It is of interest to note that, as part of the 
first international conference on the under- 
ground gasification of coal, which was held at 
Birmingham, Alabama, in January, 1952, an 
inspection was arranged for delegates of this 
third underground gasification experiment. 

The above article is based on the Report of 
Investigations 4808, which is obtainable from 
the Bureau of Mines, U.S. Department of the 
Interior, Pittsburgh, Pa. 


Sindri Fertiliser Factory 


No. II1I—(Concluded from page 370, March 14th) 


The fertiliser factory at Sindri, in India, which has now been officially opened, is 
designed to produce 350,000 tons of ammonium sulphate a year. It consists of four 


main sections; a power- 


house, a gas plant, an ammonium synthesis plant, and a 


sulphate plant. In its design and layout provision has been made to increase pro- 


duction in the future. 


The project is an example of co-operation between the 


Government of India and firms in this country and the United States. 


Tae Ammonia SYNTHESIS PLANT 
HE ammonia synthesis plant is laid out in a 
building which is some 66ft high and has a 
floor area of 5300 square feet. The flow sequence 
can be seen in the second part of the diagram 
on page 369. 

Converted gas is drawn from its holder by the 
eight six-stage compressors, shown in another 
of our illustrations, and delivered to the purifi- 
cation and synthesis sections. The removal of 
the carbon dioxide and the remaining carbon 
monoxide is carried out between stages of com- 
pression, resulting in the gas having the correct 
proportions of hydrogen and nitrogen for the 
synthesis of ammonia. 

The carbon dioxide is removed by washing 
the gas with water in six packed, 75ft high, 
scrubber towers, shown ‘in another of our illus- 
trations. These towers operate at a designed 
pressure of sixteen atmospheres, and at the 
base of each is a motor-driven centrifugal pump, 
which delivers water to the top. Mounted on 
the same shaft as each pump is a turbine, which 
receives the descending water at the base of 
the tower and imparts to the pump a sub- 


stantial proportion of the power needed for 
raising the water. From the towers the water 
goes to a degasification tower, where the dis- 
solved gases, mainly carbon dioxide, are re- 
leased at atmospheric pressure and recovered 
for subsequent use in the gypsum process. 
Following water washing the gas is brought 
back to the compressors for further com- 
pression. 

At an interstage of compression at a pressure 
of approximately 120 atmospheres carbon 
monoxide is removed from the gases by washing 
with an ammoniacal cuprous solution in three 
scrubbing towers. The last traces of carbon 
dioxide are then removed by washing in three 
caustic scrubbers. The cuprous solution is 
circulated continuously through the scrubbing 
towers, where it absorbs the oxides of carbon, 
and thence through a regenerating system, 
where it is freed from the oxides of carbon, 
cooled by water, and further cooled by ammonia. 
The gas, which now consists of three parts of 
hydrogen and one part of nitrogen, except for 
traces of methane and argon, leaves the caustic 
scrubbers and passes through three separators 
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MULTI-STAGE GAS COMPRESSORS 


to the last stage of compression, where it is 
compressed to 350 atmospheres for introduction 
to the synthesis system. 

This compressed hydrogen-nitrogen mixture 
is delivered to the synthesis system and, after 
entrained oil has been removed in a filter, is 
mixed with the gases in circulation. The gases 
in circulation contain some uncondensed 
ammonia and unconverted hydrogen-nitrogen 
gases, and with the freshly added mixture go 
to four cold exchangers for precooling before 
entering the ammonia cooled condensers, where 
final condensation of ammonia from the gas 
stream takes place. This final condensation of 
ammonia from the mixture of make-up gas and 
circulating gas is characteristic of the 
process, and is responsible to a considerable 
extent for the long life and high efficiency of the 
catalyst. Leaving the condensers, the gas 
mixture flows back through the four cold 
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CARBON-DIOXIDE SCRUBBER TOWERS 





exchangers, where the condensed ammonia is 
separated and drawn off into the ammonia 
storage tank. After the removal of ammonia 
the gas enters four ammonia converters, 
the main inlet of each being near the top, 
with a by-pass connection at the bottom, 
permitting regulation and control of the con- 
verter temperature. Each converter is of a 
special design with a built-in heat exchanger 
and is charged with a high-grade catalyst that 
promotes the combination of nitrogen and 
hydrogen at high pressure into anhydrous 
ammonia. Gases leaving each converter are 
cooled in the water-cooled primary condenser, 
where the greater part of the ammonia is con- 
densed and removed from the separator as 
liquid anhydrous ammonia. Pressure is main- 
tained during the synthesis flow by five re- 
circulating compressors, each having its own 
filter, one unit acting as a standby. 

The anhydrous am- 
monia bled off from the 
ammonia synthesis 
system is passed to a 
weighing and storage 
section. Two horizontal 
measuring tanks are 

to measure the 
quantity of ammonia 
produced anda let-down 
tank reduces the pres- 
sure of the ammonia. 
The refrigerated spher- 
ical bulk storage tanks, 
which receive the am- 
monia from the measur- 
ing tanks and \keep the 
vapour pressure down to 
design limits, each have 
a capacity of 800 tons. 


THe SuPLHATE PLANT 


The sulphate process 
used at Sindri is based 
on that developed by 
Imperial Chemical In- 
dustries, Ltd., which 
made its experience 
available to the Chem- 
ical Construction Cor- 
poration so that there 
could be built a factory 
which would rely upon 
indigenous materials 
and not require the 

_importation of sulphur. 

We reproduce a flow 
diagram of the ammo- 
nium sulphate plant. 

Ammonia does not 
react readily with cal- 
cium sulphate, but am- 
monium carbonate pro- 
duced by the reaction 
of ammonia with carbon 
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dioxide, which is available as a by-product from 
the ammonia synthesis process, reacts with 
calcium sulphate. 

Calcium sulphate or gypsum is received jp 
‘‘yun-of-mine ’’ condition and provision hag 
been made for storing 100,000 tons under cover, 
which is sufficient for two months’ operation, 
To assist the reaction the gypsum is crushed jp 
reversible hammer mills before grinding in eight 
‘““Lopuleo ” mills, supplied by Internationa] 
Combustion, Ltd. Each mill is complete with 
circulating fans, cyclone dust collectors and 
bag filters, as well as drying equipment for 
removing excess moisture. 

The reaction between ammonium carbonate 
and ground gypsum takes place in a series of 
vessels provided with stirrers. Thereafter 
standard principles of chemical engincering 
practice are applied to obtain the most efticient 
results. The magma from the reaction section 
is passed over two stages of filters operated in 
series to separate the calcium carbonate «sludge 
or waste chalk from the ammonium sulphate 
solution. The rotary vacuum endflow filters 
used were supplied by International Com. 
bustion, Ltd. Waste chalk removed in the form 
of slurry is delivered by pipe-line to a large 
settling pond outside the factory area, where it 
will be available as a raw material for the pro. 
duction of cement. 

The remaining ammonium sulphate solution 
passes through settling tanks to remove the 
final traces of chalk before it is treated in 
decomposition section, where surplus ammo. 
nia and carbon dioxide are recovered and 
returned to an earlier stage of the process. The 





EVAPORATOR UNIT 


ammonium sulphate solution then passes into a 
storage tank ready for treatment in the 
evaporator plant. 

The evaporator installation, which was 
supplied by Ashmore, Benson, Pease and Co., 
is of the well-known “ 1” design 
and is the largest of its kind in the world. The 
plant is housed in a building covering an area of 
some 48,250 square feet, and the installation 
consists of three sets of triple-effect evaporators, 
making nine vessels in all. Each set has an 
external heat exchanger, liquor circulating 
pump, liquor and vapour lines. 

To obtain the required output of 350,000 tons 
of sulphate c annually the daily con- 
sumption of the plant amounts to 3000 tons of 
feed solution, 606 tons of exhaust steam, 
5,350,000 gallons of cooling water for the con- 
densers, and 7200kW for driving the circulating 
and regulating pumps. 

Each vessel is of stainless steel construction 
and comprises two main parts. The upper part, 
where evaporation takes place—known as the 
vaporiser—and the lower part, where the 
crystals form and grow, the suspension con- 
tainer. 

The vaporisers are I2ft 6in diameter, the 
containers 14ft 6in diameter, and when mounted 
one above the other are 40ft high overall. In 
the containers the lower internal surface of the 
stainless steel is polished in order that the 
caking of crystals on the metal surfaces may be 
avoided. ® 

Fitted inside the suspension container is @ 
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central pipe, which guides the supersaturated 
liquor from the vaporiser (where supersatura- 
tion occurs) to the suspension container, in 
which there is a dense suspension of crystals. 
The supersaturation is” released upon the 
erystal suspension, causing it to grow, and as 
the crystals sink to the bottom of the vessel, due 
to their increased weight, they are removed from 
the vessel through a salt catcher, which is a 
gmall vessel attached to the underside of the 
main vessel. Slurry pumps transfer the crystal 
slurry to the vacuum filters. 

The pumps circulating the 7 in the 
vessels are specially designed so that they do 
not crush any of the crystals which may circu- 
late through the system. These pumps circulate 
nearly half a million gallons of liquor per hour, 
the circulation being controlled by a butterfly 
yalve fitted in the liquor pipe-line. 

As shown in the p oral a vapour from each 
effect is carried by yapour lines to the inlet on 
the calandria of the following effect, and in the 
case of the last effect direct to a main baro- 
metric condenser and two-stage ejector. The 
crystals of ammonium sulphate as they leave 
the evaporator plant are separated in vacuum 
filters and then passed to three sets of rotary 
driers and coolers, supplied by Edgar Allen and 
Co. In each stream the ammonium sulphate 
enters the rotating drier, through which hot air 
is blown, and then through a rotating cooler of 
similar construction, in which atmospheric air 
is . Fans and cyclones are provided to 
recover the dry ammonium sulphate dust and 
return it to the belt conveyor. 

The sulphate crystals from the drying and 
cooling plant pass through a system of belt 
conveyors to a large reinforced concrete silo. 
This silo, built to the design of Cementation 
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Ltd., Doncaster, is the first of its kind in the 
Far East. It is in the form of a parabolic arch, 
140ft span, 90ft high inside and 660ft long, and 
is capable of holding 90,000 tons of ammonium 
sulphate, equivalent to three months’ output. 
The crystals are removed from the silo by the 
boom of a mechanical scraper or excavator, 
which feeds an underground : belt conveyor 
delivering the crystals to an elevator tower, 
which supplies the weighing and packing plant, 
where the bags are branded, automatically 
filled, weighed and sewn. This plant is arranged 
so that ammonium sulphate can be despatched 
from the factory by rail at the rate of 2000 tons 
a day. 

The pipework system used in linking up the 
various items of plant in the process works and 
in the power station involved the installation of 
some 80 miles of pipes varying from }in to 6ft 
diameter. The contract for this work was 
placed with Stewarts and Lloyds, Ltd., which 
manufactured and fabricated the power station 


- pipework in this country, and supplied the 


materials for the process plant pipework which 
was fabricated and erected on site by Stewarts 
and Lloyds of India, Ltd. On the high pressure 
pipework all-welded Dawson joints were in- 
stalled, and on the low pressure systems many 
of the joints were butt-welded, flanges being used 
for the most on connections to plant 
valves and similar terminal points. 

This project is evidence of successful team 
work on an international scale on the part of 
the United States of America, United Kingdom 
and India, and, as already mentioned, the lay- 
out of the plants and of the site has been 
arranged so that in the future the output of 
ammonia and ammonium products can be 
doubled. 


Reorganisation of Airedale Works 


The Airedale works of Kitson and Co. were taken over by J. and H. McLaren, LiAd., 
in 1945, to meet the post-war demands for oil engines. For the production of diesel 
engines considerable reconstruction of the old factory was necessary, and we give a 
short review of the development of the McLaren engines, together with a general 
description of the reorganisation of the site. 


MALLand medium-powered diesel engines and 

power units for a wide variety of industrial 
and marine purposes are being produced at the 
Airedale Works of J. and H. McLaren, Ltd., of 
Leeds. At the invitation of the company, we, 
together with other members of the technical 
Press, were able to pay a visit to the works last 
week to i t the present organisation of the 
factory. This includes the site occupied by 
Kitson and Co., a firm which was one of the 
pioneers in developing the locomotive industry 
at home and overseas. 

J. and H. McLaren, Ltd., was founded in 
1876, and, at the Midland Engine Works, which 
was equipped to produce agricultural machinery, 
began to manufacture steam traction and 
ploughing engines. A period of steady develop- 
ment followed, and fifteen years later the firm 
extended its scope and began to build triple- 
expansion engines for electricity generating 
stations. For a number of years the firm had 
been constructing internal combustion engines, 
using petrol, paraffin and alcohol as fuel, but 
after being established for half a century the 
company decided to enter the rapidly growing 
diesel engine field. An agreement was entered 
into with the Daimler-Benz Company to manu- 
facture, under licence, that firm’s airless 
injection diesel engine. So a new era 


and the efforts of the company were ily 
switched from steam to oil power. 
Two-to eight-cylinder units were designed and 


built, and many of these early models a 
successful as propulsion units and for drivi 

generating sete and compressors for na 

applications, ha passed the severe accept- 
ance tests y the Admiralty, including 
cold starting by hand under Arctic conditions. 
In addition to marine uses the engines were 
employed, with success, as prime movers for a 
wide range of industrial plant, such as excava- 


tors, road rollers and light locomotives. At the 
request of the Royal Navy lighter models were 
produced for the propulsion of launches, and 
the demand for more powerful engines else- 
where resulted in the introduction of units 
having a larger bore and running at increased 
revolutions per minute. The next major step 
in development was the adoption of the 
“Ricardo Comet” combustion head for the 
range of medium-size engines, “Mark M.R.,” 
which developed 22 b.h.p. per cylinder at 1000 
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¥.p.m., and were available as two, four, six and 
eight-cylinder units. 

By the end of the last war it was evident 
that the production capacity of the Midland 
works was inadequate to cope with current 
demand and post-war requirements. . Plans 
for expansion were brought to maturity when 
the adjoining works of Kitson and Co., known 
as the Airedale Foundry, became available, 
and the opportunity was taken to acquire 
this factory. In so doing, the company added 
not only some 12 acres of workshops to raise 
the total floor space available to 15 acres, but 
also trained works personnel to the existing 
labour force. The change over to diesel engine 
production in the newly acquired factory called 
for extensive repairs to old buildings, many of 
which still retain their wooden roof trusses, 
and the complete reorganisation of floor space, 
together with the installation of machine tools 
to meet the demands of planned production 
designed to satisfy post-war markets. In 1939 
a labour force of 300 was producing ten engines 
per week ; in ten years these figures had risen to 
1400 and 200 respectively, while to-day the 
number of employees has increased to 1900. 

The value of the increased floor space was 
almost immediately appreciated, for the short- 
age of fuel and power during the winter of 
1946-47 had repercussions in factory output 
and created a demand for small standby power 
units. This demand was met by the production 
of a 55kW generating set driven by an “‘M.R.4” 
diesel engine of 88 b.h.p., and to-day the com- 
pany manufacture a range of such generating 
sets including units of 27kW, 40kW, 55kW, 
70kW, 85kW and 110kW capacity. It was 
interesting to note during our visit that six 
55kW sets were in use for supplying power to 
the machine shop and elsewhere. 

In conjunction with Fielding and Platt, 
Ltd., and Petters, Ltd., McLaren’s redesigned 
an existing unit, and in 1947 commenced to 
manufacture horizontal Petter-Fielding four- 
stroke, single-acting, diesel engines. There are 
three single-cylinder models available: “Mark 
DH,” of 13 to 16 b.h.p. at 650 to 800 r.p.m.; 
“Mark EH,” of 21 to 27 b.h.p. at 500 to 650 
r.p.m., and “Mark FH,” developing 32 to 40 
b.h.p. at 400 to 500 r.p.m. The latter engine is 
produced as a twin-cylinder unit and is rated 
at 64 to 80 b.h.p. over the same speed range. In 
association with the National Gas and Oil Engine 
Company, Ltd., J. and H. McLaren, Ltd., have 
developed the Petter-Fielding oil engine as a gas 
engine. ERE S PEGE 
“Engine designYand production methods are 
constantly under review, and last year the 
“* Ricardo Comet ”’ head, with its precombustion 
chamber, was replaced by a direct-injection 
head, and the new series of engines are known as 
“Mark M.” In keeping with modern trends, 
crank cases and sumps have been designed for 
fabrication, and units manufactured by this 
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method are fitted to the two, three and four- 
cylinder engines. 


GENERAL DESCRIPTION 


The factory area is broadly L-shaped ; 
starting at the toe of the short leg there. are 
the offices and the heavy machine shop, then 
the cylinder block and head machine shop, 
the apprentice school and general stores. In 
the heel is a machine shop, a light machine 
shop and inspection bay, and opposite them are 
three assembly lines. The foundry, fettling 
yard and casting dressing shop occupy the 
first length of the long leg of the L, and proceed - 
ing towards the toe there are successively the 
““M ” and “ B ” engine stores, the main erection 
shops, and finally the plate preparation, 
fabrication and press shops. A boiler-house 
contains four oil-fired Lancashire boilers 
generating steam at 100 lb per square inch for 
space heating purposes and domestic uses. 

Unlike many modern factories which have 
been built to house particular production 
operations, the existing buildings have had to 
be adapted to production requirements which, 
in turn, had to be modified to suit the space 
available, so that the final arrangements are a 
compromise. We reproduce, opposite, photoe 
graphs of some of the shops. 

The foundry, which is centrally situated and 
has a capacity of about 40 tons per week, pro- 
duces sumps, crankcases, flywheels and smaller 
components, such as water pump housings and 
governor carriers, while such items as cylinder 
heads have perforce to be purchased outside. 
All handling is done by overhead travelling 
cranes, and the coke-fired cupola furnaces 
have a capacity of 3} tons per hour. Coke 
firing is used for the core stoves, and the weight 
of the heaviest casting normally produced is 
3 tons. Large castings are shot blasted; and 
partly machined castings, which cannot be shot 
blasted, and small castings are cleaned by 
dipping in a deoxidene bath and then given a 
cold water running rinse followed by a hot 
rinse. After passing through the fettling yard 
the castings are spray painted and then pass 
to the machine shops. 

The large castings, such as sumps, cylinder 
blocks and heads, and flywheels are forwarded 
to the heavy machine shop and the adjoining 
cylinder block and head machine shop. The 
equipment includes Cincinnati milling and 
planing machines, Kearns borers, vertical 
millers by Reed-Prentice, and a Colburn 
machine with a speed range of 2 to 38 r.p.m. 
for dealing with the heavy flywheels. Jigs 
are extensively used in association with Arch- 
dale radial drillers. Cylinder blocks are 
machined on an Ingersoll twin-head milling 
machine, and it was noted that the liner was 
pulled in by hand and that, for watertightness, 
a flat copper ring is fitted at the top of the liner 
and a rubber ring, of circular section, at the 
bottom. The cylinder block, liners and studs 
are tested to 60 lb per square inch with water 
at 90 deg. Cent. Hand grinding is used for 
seating the valves, and the cylinder head, after 
assembly, is tested up to a pressure of 1500 Ib 
per square inch using paraffin as a medium. 

In another machine shop the crankshafts 
of the various engines are ground and turned, 
and included among the equipment are Churchill 
grinding machines and a battery of Shardlow 
vertical lathes engaged on machining the crank- 
shaft webs. This method of carrying out the 
work should be helpful in eliminating whip in 
the crankshaft. . 

A Kendall and Gent twin-head milling 
machine is used to mill the joint face, bearing 
keeps, support’ face and oil sump cover face, 
and a horizontal boring and milling machine, 
by Forges de Gilly, is employed in facing the 
timing gear end and flywheel end and in boring 
the crankshaft main bearings and also those 
for the camshaft. 

The light machine shop has wide gangways, 
which allow the work to be progressed through 
the shop to the inspection bay, and batteries 
of capstan machines which mass produce 
the smaller components. The heat-treated 
H-section steel connecting-rods are face milled, 
and an Asquith multi-drill machine drills the 
lubrication oil hole through from big-end to 
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gmall-end, while other machines turn the 
pronze bushes for the small-end bearing and 
machine the gunmetal white-metal-lined big-end 
pearings. In other parts of the shop machining 
operations were being carried out on the alu- 
minium alloy castings used for such items as 
rocker gear covers, governor gear casings, big- 
end covers and dip stick funnels. “Gear cutting 
js carried out by a machine built by Sykes, Ltd., 
which is capable of cutting 102 teeth in a blank 
in forty-four minutes. 

There are two erecting shops ; in one is an “M”’ 
engine erection line, a specialised “ B ” engine 
machine line, and a bay for the assembly testing 
and packing of 55kW sets. In the main erection 
shops the space is devoted to the erection of 
“M”’ marine engines, “ B ’’ engine sets, Petter- 
Fielding horizontal engines, electricity generating 
gets, and to final testing and packing. The 
assombly system adopted is the static roller 
track method, in which sub-assemblies are 
puilt up and are fed to points along the main 
conveyor line, the delivery point being arranged 
to suit an ordered sequence of erection opera- 
tions. There is an adequate stillage capacity 
for the storage and supply of components, and 
column-mounted cranes which are placed 
at points where the heavier assemblies have to 
be swung on the main conveyor line. The 
test bay runs right across the shop, and the 
Petter-Fielding engines are rapidly brought 
up to speed and load. Then the single-cylinder 
engines are run at full load for three hours, 
followed by a 10 per cent overload for half an 
hour, while the twin-cylinder engines have a 
full-load test of four hours. , 

Among the other departments visited we: 
the fabricating shops in which mild steel plate 
is sheared, rolled and bent, while special shapes 
are cut to template by oxygen cutting machines. 
In the welding shop crankcases, sumps and 
cylinder blocks are prefabricated, and after 
construction are stress relieved in an anneali 
furnace. Air receivers of 3, 5 and 11 cu 
feet capacity are fabricated in the department, 
and the domes for the receivers are formed in a 
hydraulic press. 

The company is able to obtain the necessary 
number of skilled personnel to maintain 
production, but, like many other engineer- 
ing firms, it runs its own apprentice 
school. Here some eighty-five selected 
boys from local schools are given five years’ 
training. For the first six months of the course 
the apprentices spend 50 per cent of their time 
in their own workshop, 10 per cent in the works, 
and the remaining 40 per cent is divided equally 
between the apprentice school and a technical 
school. This preliminary period serves as a 
measure of the boys’ abilities and their future 
training is arranged accordingly. 

The social amenities have not been over- 
looked and a gallery of one of the machine 
shops has been converted into a social centre 
which contains a games room and a large hall, 
equipped with a stage, suitable for dances, 
concerts and for the presentation of films. 


——e———— - 
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All British Standard Specifications can be obtained from 
the Sales Department the Institution at 24, Victoria 
Street, London, awit 


TEXTILE SCREENING CLOTH 


: ( 1812: 1951. It has a pe common practice, 
in the past, to base ranges of sieves and screening 
cloths on the number of meshes per inch. This 
standard, however, is based on aperture sizes. A 


1600 microns, i.e., from 
0-00197in to 0-0630in. It applies to each of three 
weights of cloth which may be made, This will 
enable the user to select the a: priate aperture 
tequired’ for the purpose and then quite inde- 
pendently to choose the most suitable of the weights 
of cloth ified. 

Each cloth should be known by its nominal 
aperture in microns and according to its weight as 
light, medium and heavy. The range of aperture 
widths is based on a uniform series of 6 per cent 
increments from one cloth to the next. 

The specification lays down the methods by which 
the aperture width should be measured and also 
the method of checking the aperture width of any 
given cloth. 

Price 28, post free. 
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Basic Engineering Standards 
and their Place in Design 
By CAPTAIN G.C. ADAMS, R.N. (ret.) A.M.I.Mech.E.* 


In this paper, read before the Institution of 
Mechanical Engineers on March 14th, the 
argument is developed that the detailed design 
of the parts of a mechanism demands a logical 


‘Ve approach. The designer should state on the 


drawing, in the simplest possible terms, 
what he really wants. The necessary range 
of basic (or abstract) engineering standards, 
both for him to achieve this aim and to pro- 
vide for economic production, are given. The 
basic standards cover definitions, geometric 
analysis, ultim standards of size, basic 
sizesy limits Gad fite, measurement, surface 
} + abet 4 , standard forms ( for 
wi , screw thr and standards of 
design. Their nature and scope are examined 
in general terms and some of the main com- 
promises necessary are discussed. We 
print here some extracts. 


THE CONSTRUCTION OF THE Basic 
STANDARDS : 

Basic Sizes.—Linear basic sizes are usually 
and conveniently associated with limite and 
fits, but the general subject covers a wider field 
and is properly considered separately. 

Taking simple linear basic sizes first, these 
are the starting point in finding the limits of 
size for a fit. They are also a guide to the 
sizes to be selected for any purpose, when it is 
desired to select a size which is likely to be com- 
monly used. Their object, in fact, is to ensure 
that as few sizes as possible are used, and that 
the number of sizes of tools and gauges is also 
kept as small as possible. 

In Britain, no real agreed series exists on 
the inch system. A simple series of binary 
fractions has’ been commonly arrived at. in, 
for instance, standards for tools and for many 
articles. There was a tentative agreement to 
use the American ‘‘ Preferred Number ’’ frac- 
tional series. There is also a tendency to use 
some kind of decimal series. It is not proposed 
to argue the merits of the fractional as against 
decimal series, or of a preferred number series 
as against a plain binary fractional series. There 
is an excellent British Standards Institution 
report on the subject (Sears, 1950)t which covers 
most aspects of the use of preferred numbers. 
Attention is called, however, to the convenience 
of a binary system for most design purposes. 
Halving is the simple, natural procedure and 
for many purposes gives more convenient incre- 
ments of size than does the preferred number 
series. 

The object of recommending a series of basic 
sizes is to reduce the number of sizes used and 
therefore of the tools and gauges. If the 
designer were concerned with rather crude 
mechanisms in which space and weight were of 
small moment, he might feel content with such 
a series of sizes as... $, 4, $, 3, $, 1. . ., and 
seldom find it imperative to go outside it. 
Steps of 4, however, are obviously too large 
for many purposes in general engineering. 
Steps of +, in this range of sizes, would be far 
more suitable and, often, almost entirely 
adequate. In almost any precise form of design, 
smaller steps still would be needed and, when 
space and/or weight are very important, the 
designer may be very closely circumscribed 
indeed. 

It is very commonly argued that such a 
series as that in steps of 4 will meet a very 
large proportion of the sizes needed in engin- 
eering, and that the remaining “special” 
sizes needed are very few in any organisation. 
There is a great deal in this argument, but it is 
seldom realised how many different sizes are 
likely to be written down if no guidance is 
given. In the aggregate, the number is vast, 
and@in.some branches of design such special 
sizes are in the majority. An obvious extreme 
example is a rifle or machine gun. Here weight 
is of first importance and the designer must 
remove any metal surplus to strict. require- 

* Member of the Ordnance Board, Ministry of Supply. 
aot aaa inn ae oe nea 
British Standards Institution, London. 
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ments of function and safety. The starting 
point for size in the design, the size of the round, 
is arbitrarily determined by functional needs, 
and the designer would be lucky if he succeeded 
in using more than an odd size from the above 
ty Series in the whole design. 

The author analysed a list of plain - “go” 
plug gauges, which was probably the largest 
ever prepared. It covered a vast range of pro- 
ducts, and bore internal evidence that a con- 
ventional fractional series of the type dis- 
cussed had been freely used in design. In spite 
of this, the number of sizes of gauge used was 
incredibly large. There were over 300 sizes 
between 4 and 4, that is, at the rate of 2600 per 
inch. At lin they were at the rate of 1000 per 
inch, and at 2in at the rate of 500 per inch. 
Very similar absurdities appeared in two other 
large lists examined. It is very strongly held 
that this kind of fault will continue unless 
adequate guidance is given. Basic standards 
are not concerned with only one class of engin- 
eering, but with engineering as a whole. 

The solution is easy, and, in principle, is of 
profound importance to the future of stan- 
dardisation. It is to write down the series in a 
number of choices, say, first, second, third and 
fourth choices. For instance, a crude and simple 
series might be of the type given in Table I. 


TaBLe I.—Series of Choices 








lst choice, 2nd choice, | 3rd choice, 4th choice, 
in in in in 
# # 
i 4 
ts $i 
# 
ee Nearest 
5 # 0-005 
$i 
$5 
43 #4 














The in and !/, in values are inconvenient, 
since they are five and six-figure decimals, and 
would probably be replaced by some simple 
decimal value in any actual series. At some 
point above # in size, the first choice increment 
would become }in and the columns would move 
to the right. The second choice would be +in, 
the third in, and the fourth probably in 
0-Olin increments. At some further stage, the 
first choice would be in }in increments, and so 
on. 
The point of this arrangement is that the 
number of choices actually used in any one 
design office can be conditioned to the class 
of work. It takes no great intelligence to learn 
to use always the highest choice which can be 
used, However, the design office which needs 
a third choice once a month will still be using 
the same sizes as does the designer who uses 
one once a day. In the aggregate, the reduction 
in the number of sizes can be immense. Since 
these are definitely canalised, any growth in 
closer types of design will be reflected in the 
self-creation of standard ranges of tools and 
gauges, which in turn will fall into natural 
**choices.”” This is a very simple example of 
how standardisation of articles can, and should, 
be the natural outcome of rational design. 

The difficulty at present is that the designer 
cannot be rational without the guidance given 
by such standards as that for basic sizes. A 
large number of series can be constructed, all 
having merits and none being perfect.. The 
time has long passed for fighting about which 
is the best, and also for one to be published 
which is sufficiently large to cover all reasonable 
needs of all engineers, now and for some time 
to come. Standardisation must always look 
ahead and must not be parochial. The interest 
of the individual is not the only interest. 

Another kind of linear basic size occurs in 
the various sheet metal and wire “ gauges.” 
There is a tendency at present to try to simplify 
these. There is also a tendency to ignore gauges 
for sheet metal and strip, and to order to any 
appropriate size in thousandths of an inch. 
Where large orders are concerned, this causes 
no inconvenience to anyone, and no “ gauge ’?’ 
series is needed. There are, however, many small 
users to whom a “ gauge” series, in effect a 
first choice series, is a convenience for designs, 
orders andjstocks. There are other fairly 
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obvious conveniences in having such a first 
choice series, and this illustrates that such a 
standard can be justified even if it is regularly, 
and legitimately, ignored by many of the biggest 
users. 

In principle, recommended basic size series 
should be framed for other than linear dimen- 
sions; for example, angular sizes. The need 
here is very much less, and the size used ‘is per- 
haps more often determined by function. 
However, there is little doubt that a series could 
be prepared, at least for angles of taper, and 
that it might reduce unnecessary variation. 

It is common practice to determine series 
of sizes, such as a series of horsepowers for 
electric motors for some type of use. Here the 
4/10 preferred number series forms an excellent 
guide to the selection of sizes in suitable approxi- 
mated values. All such series are of the nature 
of recommended basic sizes. 

Series of articles, such as nuts and bolts and 
ball bearings, naturally arise, or should arise, 
from the basic linear sizes which should con- 
trol their important functional dimensions. 

Limits and Fits.—Engineers have long used, 
misused, or ignored one or more systems of 
limits and fits. Confusion is considerable, argu- 
ment is fierce, and’ much paper has been 
covered ; but the subject is at last being e 
in its full complexity. This is not the place to 

e the merits of this or that compromise, 
but rather to point out the fundamental prin- 
ciples and the main compromises they entail. 
To do this im a short space, it is necessary to 
assume some knowledge of the subject and a 
reasonable acquaintance with the system of 
either B.S. 164 or the International Standards 
Association. 

The object is to provide a systematic series 
of fits, so that as few as possible different limits 
of size will be stated on drawings. This will 
reduce the number of tools and gauges re- 
quired. An alternative, and/or subsidiary, 
use may be to provide a series of fits which, 
for varying basic size, provide a similar func- 
tional result. These two uses may, or may not, 
be compatible. 

It is becoming common to hold that the 
designer should state on the drawing the maxi- 
mum tolerance which the géometry, or function, 
of the design will permit. In principle, this is 
precisely opposed to the object of using the 
minimum number of limits of size. There must 
be a first-class compromise at the outset, and 
the immense field of engineering will still 
demand a range of fits which can be achieved 
only with an adequate “ choice * system. Much 
of the neglect of published systems in the past 
has been due to their inadequacy for more than 
a limited purpose. Great attention must be 
given to simplifying the presentation of any 
extensive system. 

For convenience, a hole basis clearance fit 
will be considered, for which the conventional 
diagram is shown herewith. 

The basic size having been selected, this will 
be made the maximum metal limit of the hole. 
This leads to tool economy. The allowance 
(minimum clearance in a clearance fit) must 
then be selected and subtracted from the basic 
size to determine the maximum metal limit of 
the shaft. This is the design size of the shaft on 
a unilateral system. The size of the allowance 
is determined by functional, and/or geometric, 
considerations. Its variation with basic size 
must, therefore, be based on some formula con- 
nected with function or, alternatively, enough 
allowances must be provided for the designer 
to be able to select an adequate compromise at 
any particular diameter. Certain sections of 
very free fits can conveniently be associated with 
constant allowances over a considerable range 
of diameter. The problem is further compli- 
cated because there is very little real knowledge 
of what extremes of fit are functionally satis- 
factory. 

The next step is to allocate tolerances to 
hole and shaft, within the remaining space 
permitted by the safe maximum clearance. 
The magnitude of the tolerance is directly agso- 
ciated with ease of machining. The relative 
disposal of available tolerance between hole and 
shaft will depend upon which is the more diffi- 
eult to machine. This varies with circum- 
stances, and, over certain ranges of diameter, 
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it may be desirable to have duplicate fits, as 
regards clearances, which alternatively give 
the larger tolerance to the hole and to the shaft. 
Account should also be taken of different 
machining processes, for example, most sys- 
tems give few fits suitable for milling, slotting, 
&c. The formula for computing change of 
tolerance with basic size must therefore be 
associated with ease of machining. It is fairly 
certain, however, that it must change at inter- 
vals, since normal processes will also change. 

It is obvious that we are faced with making 
big compromises on an inadequate basis of real 
knowledge. If the standard is to be widely 
used, it must either be very simple and rudi- 
mentary, such as the current recommended pro- 
cedure in the United States, or sufficiently de- 
tailed to cover all reasonable requirements of 
engineering. It must, therefore, contain a lucid, 
simple explanation of principles and a clearly 
laid out “choice” system. Its main features 
are likely to be :— 

(1) Primary concentration on the common 
ranges of size, perhaps in three separate ranges, 
such as up to jin, jin to 2in, and 2in to 4in. 
More than 80 per cent of all basic sizes are under 
4in. 

(2) Recognition of the functional nature of 
allowance and separation of the choice of allow- 
ance as far as possible from that of tolerance. 

(3) Introduction of constant allowance series 
of fits for certain types of very free fit. 

(4) Adequate selection, with choices, and 
indication of any particular fits which are 
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known to be suitable for specified purposes over 
specified ranges of size. 

(5) A standardised method of extracting 
“ special ”’ fits from standard series of tolerance 
and allowance. This may weil be a substitute 
for any choices required outside a fairly limited 
first choice series. If so, careful guidance will 
be needed for avoidance of undue multiplication 
of fits. It is probably safer to tabulate at least 
second choiece fits. 

The International Standards Association's 
system goes a long way on this road to perfec- 
tion, but is capable of much improvement, 
particularly as regards simple exposition. Even 
if “‘ a Solomon ” arises to complete the desirable 
compromise, there are still difficulties in the way 
of interpretation and use. There is at present no 
elear conception of the real meaning of a limit of 
size or of the nature of interchangeability. It 
is usual to talk of a limit of size as if it were a 
hard line in a graphical representation of a fit 
and a clear-cut limit to the size of parts actually 
made. In fact, it is a more or less hazy zone of 
size. The first haziness arises from error of 
measurement. This is nominally small, though 
in the past the user of *‘ inspection ” gauges may 
have made the zone up to 20 per cent of the 
work tolerance outside the limit. A “ Standard 
of Measurement ” can clarify this, in principle, 
though it cannot cater for fortuitous error. 

The real haziness is introduced when, as in 
some modern thought on the subject, account is 
taken of the statistical chances of mal-assembly. 
It can be shown easily that tolerances can be 
increased, and allowance reduced, to a con- 
siderable extent, without any large risk of mal- 
assembly outside the true functional clear- 
ances, where there is random assembly of 
large numbers. This is a highly rational argu- 
ment and extremely logical in relation to large- 
seale assembly. However, a fit conditioned to 
this idea would, in principle, be unsuitable for 
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small-batch production or for the provision 
of strictly interchangeable spares. The cesigng; 
is thus required to assess, not only the funp. 
tional fit but also the level of interchangeability 
acceptable in the specific conditions of use ang 
production. ; 

A similar statistical haziness arises if accept. 
ance inspection is carried out on a basig of 
sampling by attributes, using limit gauges o 
the equivalent. It is then very easy for the 
effective limit of size to become extremely 
vague. 

In the manual on “‘ Dimensional Analysis,” jt 
is recognised that there is more than one degree 
of interchangeability. Strict, or universal, 
interchangeability is dependent on every mating 
part, whenever or wherever made, lying within 
certain limits of size fixed in relation to the 
ultimate standard of length. In principle, no 
risks of mal-assembly are permissible but, 
obviously, many degrees of risk are acceptable 
and many are regularly taken. In the extreme, 
we come to the alternative conception of 
“local” interchangeability, which lays stress 
on the maintenance of clearances which deter. 
mine function, rather than rigid limits of size 
which determine strict interchangeability. 

The current trend is to try to talk about 
** interchangeability,’”’ and to ignore the fact 
that its strict meaning is regularly compromised 
in practice. If we are to apply the very valuable 
statistical argument to limits and fits, we must 
clear the air and recognise the effect on inter. 
changeability. If there are enough fits avail. 
able, and/or if-we are prepared to compromise 
severely with the principle of giving maximum 
tolerance, it will be ible for the mass 
assembler and the batch producer to use differ. 
ent fits for the same functional purpose, if 
necessary. The batch producer's fit can also 
be that for large production of articles, in which 
the need for strict universal interchangeability 
must be observed. 

It will be seen that the biggest difficulty 
really lies in deciding how much attention 
must be paid to giving the largest possible 
tolerance for production. The Service designer 
takes this very much to heart, since he knows 
that much of his work will go, in time of war, to 
firms whose plant is barely good enough. From 
a precisely opposite point of view, many well 

cequipped firms prefer to cut tolerances in favour 
of a strictly limited tool and gauge programme. 
It will be noted also that reduction of tolerance 
leads to increased wear life, and this alone can 
cause a big diversity of practice. 

The problem is very complex. Before it can 
be solved satisfactorily the main objects in 
view must be examined and agreed. Account 
must be taken of design problems in general, 
and not merely those of the designer of high- 
grade long-lived machinery. It is unlikely that 
any general solution will arise until the main 
principles, and also those of geometric analysis, 
are more widely appreciated. 

Drawing Practice.—This standard consists of 
definitions of how to express particular require- 
ments on the drawing, so that the same thing 
written on the drawing always has the same 
meaning. There must be enough defined 
methods to express all the requirements that 
are commonly written down: It must be clearly 
understood that anything outside this range 
must be so written and explained that no am- 
biguity can arise. 

Much attention has recently been paid to this 
matter and a great deal of argument has ensued. 
Much of the argument can arise from a failure 
to appreciate why, and when, it is necessary 
to express certain requirements. The need for 
many forms of statement is not universal, and 
is often apparent only when the full geometric 

‘analysis is taken into account. A very complete 
system, however, is desirable, although it will 
not always be used in full. Many drawings can, 
and should, be very simple. It Is just as wrong 
to put too much on the drawing as to put too 
little, though it may be safer to err on the side of 
too much. 

It is important that a drawing should be clear 
and easily read. The more it is covered with 
notes, &c., the more difficult is quick appre- 
ciation of its main provisions. Most of the 
more complex detailed requirements affect only 
a limited number of the people who will use the 
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drawing, for example, tool and gauge designers. 
The use of many kinds of symbol may therefore 
be highly desirable. They present no difficulty, 
put rather possess advantages to those who 
trouble to understand them, and they do not 
obscure the main provisions of the drawing 
whieh are of primary interest to the majority 

f users. 

. It is quite clear that a proper system of 
drawing practice is an essential to the setting 
down of the rational drawing of a rational 
design. 

Standard Forms and Series.—The typical 
example of this class of standard is that for 
screw threads. A modern and up-to-date speci- 
fication is B.S. 1580 for the unified screw thread. 
The Standard defines the basic form, and it also 
jays down standard series of basic sizes and 
standard fits, giving all appropriate tolerances 
and allowances. The basic size for screw threads 
includes not only the basic diameter but the 
appropriate pitch (diameter /pitch series). 

The table of special threads in B.S. 1580 is.a 
very complete example of the use of choices, 
which has been systematically worked out from 
the design aspect of metal available, It gives 
three choices of diameter, With the first choice 
of diameter four pitches in two choices are 
offered, and with the second, three pitches in two 
choices are offered. The third is intended to 
use one of these same pitches, and almost 
certainly would require the finest of them. It 
may also be noted in the footnote at the end of 
the table that the third choice of diameters 
—up to 1}in— still awaits the issue of a British 
Standard for linear basic sizes. 

The number of diameter/pitch combinations 
listed in this table looks large. The author 
checked the number of diameter/pitch com- 
binations in an existing gauge list and, up to a 
diameter of about I}in, found three to five 
times a8 Many as are given in the whole of the 
Standard and special (first, second and third 
choice) series listed in B.S. 1580 for the same 
size range. 

Similar types of standard exist for gears, 
splines, &c. They are abstract standards in that 
they represent no concrete article, and they are 
essential to any economical use of these various 
forms. They cannot be properly framed with- 
out many of the earlier standards mentioned. 

Standards of Design.—The term ‘ Codes of 
Practice ” is sometimes used to cover standards 
which fall in the class of design standards, 
These standards can lay down very simple 
guiding rules to govern requirements on any 
design of the type in question, or they can be 
detailed. They may even lay down the typical 
detailed layout of the design and give data from 
which the appropriate sizes can be completed. 
Their function is to prevent unreasonable multi- 
plication of differences of detail in articles for 
which fresh designs must frequently be made, 
but whose duties do not permit the use of a 
standard series of articles. An average example 
(B.S. 1951)t is not very detailed in guidance 
as to principal dimensions, but it indicates how 
to dimension a spring in accordance with its 
function, and recommends tolerances. The 
tendency of any such standard is to lead to 
economical design and to consistent require- 
ments in the inspection of articles having a 
particular type of duty. Each new article tends 
to be only a detailed variant of a precisely 
similar design, so that manufacturer and 
inspector are faced with a straightforward and 
intelligible problem. 

Local standards of this type are well recog- 
nised in many drawing-offices. It is remarkable 
how much unnecessary variation they can 
suppress. The mere fact of drawing up one 
makes certain also that the design has besn 
well scrutinised, when some very curious faults 
and variations can be brought to light. 

The Practical Eiffect.—If adequate basic stan« 
dards are provided, the first need, or perhaps 
effect, is education. Many engineers, for 
instance, have never opened B,8..164, “‘ Limita 
and Fits’’; or, if they have opened it, have 
quickly shut it, for the very good reason that 
it was of little use in their class of work. Many 
more have never read it thoroughly; if they 
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had, they would have acquired some informa- 
tion, though no very deep insight, into the 
proper use of limits and fits. 

There is no doubt that these standards must 
be fairly complex, at least to the extent of 
giving choices. They cannot be used properly 
unless there is intelligent appreciation of the 
intention behind them. Therefore they must 
contain an adequate, lucid exposition of the 
subject and a plan simply laid out for use. The 
prejudice must be finally discarded that a stan- 
dard must give only information and not instruc- 
tion; fortunately, it is already weakening. 
Simplicity is important, but this must not be 
confused with shortness and must not com- 
promise efficiency. Simplicity in layout and 
clarity in presentation are of chief importance. 
Simple numerical values are highly desirable. 

The author has frequently put forward pro- 
posals for choices, or other apparent complexi- 
ties, only to be assailed by the argument that 
the designer, or draughtsman, cannot be trusted, 
or lacks the intelligence, to use them reason- 
ably. This counsel of despair is gradually 
breaking down, and is unjust criticism of a 
generally intelligent body of men who are only 
too keen to act rationally if they are given the 
means. It is only fair to them, however, that 
the basic standards should be an integrated 
whole, properly explained and based on a 
rational geometric background. Nearly all of 
these standards interlock. Change of one is 
likely to affect another. It is quite essential 
that there should be proper co-ordination when 
they are brought up to date. 

Once this is done, the way is open to improve 
the standards for articles, It is a misfortune 
of standardisation that it is almost compelled 
to occur too late, since if it starts too soon it 
may cramp design or deter progress. The result 
has often been rationalisation instead of 
standardisation. We have been forced econo- 
mically to select the least bad, or most commonly 
used, of a heterogeneous collection of unco- 
ordinated designs. The complication has arisen 
more from the details of design, such as sizes 
and tolerances, than from major differences, 

It is here that a co-ordinated system of basic 
standards can help, The details of design will 
differ far less, the same basic sizes will be used, 
and so on. Thus can emerge standard articles 
which are a rational by-product of co-ordinated 
detailed design, The tendency, moreover, will 
be to produce ready-made standard series. 
The local standard should be the forerunner of 
the national, or international, standard, and it 
should be automatically of the right type. 

The real economic value of the basic stan- 
dards, however, lies in their effect on the non- 
standard article. There is far more to be saved 
on the production of the myriads of special 
design parts than by the standardisation of 
common articles. In regard to the large indus- 
trial organisation this may be an overstate- 
ment, but not in regard to ineering as a 
whole, In large-scale production, tools and 
gauges are required in considerable numbers, 
as consumable articles. The fact that for a par- 
ticular job many are not “ standard,” or from 
a restricted range of size, is relatively unimpor- 
tant. Itis in small-scale and batch production 
that multiplication of sizes’ becomes most 
objectionable. Moreover, most big organisa- 
tions have established local rules, customs, 
and standards, which lead to a locally-efficient 
approach to production details. 

The plea made here is for the generality of 
users. Whereas the big user may gain little 
from improved and co-ordina‘ standards, 
the smaller user may gain a great deal. In the 
long run, all parties should obtain much 
improvement. To the Services, with their 
widespread sources of production, such stan- 
dards are most important. For all the local 
efficiency shown, it is often most startling to 
observe the very great variation in detail as 
between similar firms, It is all very well for the 
big organisation to act intelligently—for its 
own good. Too many intelligent schemes are 
already operating, so that it daily becomes 
harder to co-ordinate for the benefit of the many 
The small user cannot set his own standards to 
any marked extent, and in the aggregate the 
small users form a substantial part of the whole, 

The biggest single difficulty in standardisa- 
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tion is to find enough men with the experience 
and knowledge, who can also give enough time 
to the work. This is particularly true of the 
basic standards. The natural tendency also 
is to be parochial in outlook and each to regard 
his own experience as of paramount importance. 
These standards are all-embracing, and the 
widest possible outlook must be taken. 

The present situation is that we have been 
“‘ putting the cart before the horse” in staa- 
dardisation. We have concentrated on sian- 
dardising articles and have largely ignored the 
standards proper to the design of those articles. 
Reason demands that we set our house in order 
before it is too late. Let us explain and educate 
as we go; let us think of the many, rather than 
of the few; and let us provide a solid general 
framework rather than a limited compromise, 





Institution of Naval Architects 


THE Institution of Naval Architects will hold 
its spring meeting on Wednesday, Thursday 
and Friday, April 2nd, 3rd and 4th, on board 
the ‘* Wellington,” the headquarters ship of the 
Honourable Company of Master Mariners, 
Victoria Embankment, London, W.C.2, The 
meeting will open at 10.15 a.m. on Wednesday, 
and after the annual business has been trans- 
acted the gold medal and premiums will be 
presented and a presentation made to Mr. P, J. 
Shilham, who retired last year from the post of 
assistant secretary. Viscount Runciman of 
Doxford, the president, will deliver his address 
and then Mr. Basil Sanderson will present his 

per, “Britain’s Deep Sea Liner Trade, 
1945-51.” The annual dinner of the Institution 
will take place at Connaught Rooms, Great 
Queen Street, W.C.2, on Wednesday, at 
7.15 p.m. At 10.15 a.m. on Thursday the 
meeting will be resumed with the reading of 
papers on “ Merchant Ship Design—a Thought 
on the Future,” by Sir Wilfrid Ayre; and 
“Changes in a Construction Methods— 
1859to 1950,” by Mr. Norman M, Hunter. In 
the afternoon at 2.30 p.m. the following papers 
will be presented to a joint meeting with the 
Institute of Marine Engineers :—‘“‘ The Genera- 
tion of Gas Bubbles at the Shrinkage 
Boundaries of Built-Up Crankshafts for Diesel 
Engines,’ by Messrs. 8S. Amari and E. Ando ; 
and ‘“ High- Powered Single- Screw Cargo 
Liners,” by Mr. W. H. Dickie. On Friday, 
April 4th, the last day of the meeting, at 
10.15 a.m., Messrs. D. W. Lang and W. G, 
Warren will present a paper entitled “ Struc- 
tural Strength Investigations on Destroyer 
‘ Albuera,’”’ and Messrs. J. A. B. Gray and 
F, E. Smith will read a paper on “ Prediction 
of Thermal Conditions in H.M. Ships in Tropical 
Waters.” At the afternoon session, which 
opens at 2.30 p.m., papers by Dr. G. Hughes on 
** Frictional Resistance of Smooth Plane Sur- 
faces in Turbulent Flow; New Data and a 
Survey of Existing Data”; and by Mr. W, 
Muckle, on “The Scantlings of Long Deck- 
houses Constructed of Aluminium Alloy,” will 
be read and discussed. 


—_——_—————_ 


Mopvern Coat Preparation.—During recent 
years, a number of coal preparation plants have 
been laid down in this country by Nortons-Tividale, 
Ltd., of Tipton, Staffs.. In order to show the work 
which goes into the design, manufacture and erection 
of a modern coal preparation plant, and its operating 
sequences, the firm has now made an interesting 
sound and colour film. This film first gives a brief 
account of the factors to be considered whgn design- 
ing a coal cleaning plant and then shows the manu- 
facture of some of the component parts in the firm’s 
extensive works, Then there follows the main 
sequence dealing with the “* Norton ”’ jig washer and 
an animated flow diagram is inte with series 
of views taken in a washing. With the aid of these 
diagrams and an excellent commentary, the whole 
sequence of operations is clearly shown from the 
hee ay shee iemtiy ip amie lag av emer, 
loaded into: wagons for despatch. © latter part o' 
the film deals graphically Pa the link belt hea’ 
medium processing plant for preparing large coal. 
We are in by the firm that the film, which 
takes about half an hour to show, is available on 
loan, free of charge, tofinte bodies. 
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MECHANISED AGRICULTURE 


Last week a three-day conference was held 
at Harrogate to discuss various aspects 
of mechanised agriculture, or “power 
farming,” as it is often generally described. 
It brought together a large company of 
farmers, engineers, agricultural machinery 
dealers, contractors and advisers, and 
teachers from agricultural and agricultural 
engineering colleges. The discussions at 
the several conference sessions—and each 
day was a full one !—were initiated by 
short papers which reviewed very suc- 
cinctly the present “ mechanical ” situation 
of this country’s average-size farms, and two 
of which surveyed present trends in agri- 
cultural machinery design in Western Ger- 
many. The actual discussions in most 
instances took the form of question and 
answer, a method which was certainly 
successful in eliciting the opinions of the 
farmers and engineers and others present, 
and in providing for a free and frank ex- 
change of their views. 

On many an occasion recently, comment 
has been made upon, and some surprise 
expressed at, the rapid progress during the 
last decade or so of farm mechanisation. 
Certainly there is now greater appreciation 
than there was of the great contribution to 
that progress which has been made by engi- 
neers. The annual product of this country’s 
tractor and farm machinery makers runs 
into many millions of pounds in value, and, 
in addition to meeting a regular home 
demand, it has become an increasingly impor- 
tant factor in our export business. Yet this 
high rate of mechanisation—which has 
involved much more than substituting the 
tractor for the draught horse—has brought 
problems to farmers and engineers alike, 
the solution of which has often been advanced 
by the growth of mutual understanding 
between “‘ mechanisers ” and “ mechanised.” 
Nevertheless, power farming requires to be 
economically, as well as technically, success- 
ful, and, as the first speaker at last week’s 
conference put it, “‘ In the present economic 
state of the country, there is a limit to what 


we can afford to do.” There is also the view 
which was likewise reiterated at the con- 
ference, that in the last ten years there has 
been blindly. pursued a course of mechanisa- 
tion for mechanisation’s sake, regardless 
often of the optimum deployment of labour 
and regardless, too, of the most effective 
employment of agricultural resources. If 
that is so—we do not subscribe to the view 
that it is—the responsibility cannot be placed 
wholly and solely upon engineers. They, after 
all, have done wonders in designing and pro- 
ducing, in a remarkably short space of time, 
a big variety of implements and machines, 
which has resulted in the fuller and more 
economical utilisation of the agricultural 
tractor. We do not overlook the fact that a 
full range, on any one farm, of the machinery 
now available, represents a large capital 
outlay, nor are we unmindful that much of 
that machinery is at work for only a brief 
period in each year. But the demand for so 
many machines has been created to a very 
great extent by the realisation that the 
internal combustion engine is a power unit 
which can achieve, economically and easily, 
far more than the laborious efforts of 
man and beast accomplished in a farming 
day which now seems long past ! Meeting the 
demand for what sometimes appears to be 
an ever-increasing range of farm machinery 
does not imply, however, that perfection in 
design has been reached. British engineers 
have done and are doing a good’job, but, as 
was suggested in a paper by Mr. McHardy, 
the organiser of the conference, there is 
room for improvement. It is not enough to 
design and produce a machine which is 
capable of performing its task ; the designer 
and manufacturer must give just as much 
consideration to the question of that machine 
being maintained in good working order. 
Such matters, for example, as grease nipples 
hidden away in awkward spots and in» 
accessible cover plates which are difficult to 
remove, still call for close attention on the 
part of designers. Farm machinery has 
frequently to stand up to rough usage and, 
whilst sturdy construction is essential, it 
is equally essential that all designs should be 
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kept to the simplest possible form, |) 
recent years, as Mr. McHardy observed, 
there has been a tendency towards more and 
more complicated machines. It is a ten. 
dency which may quickly lead, not only to 
operational difficulties, but also to excessive 
maintenance costs. 

The discussions at Harrogate last week 
revealed that such problems as those w: haye 
touched upon, and many others, are Very 
much in the minds of farmers and engi :icers, 
They also emphasised another important 
matter. The state of this nation’s finances 
makes it imperative that more and more food 
shall be grown at home, and one of the ways 
to that increased food production is up. 
doubtedly through the judicious application 
of power on the land. Agricultural engineers 
know full well what is required of them in the 
export drive, and they are painfully aware 
that the shortage of steel and other materials 
is now beginning to curtail supplies of new 
machinery to the farms in this country, 
The more effective utilisation of existing 
machinery, therefore, becomes essential, and 
that is a task which invites still closer co. 
operation between engineers and farmers. 
Education in the handling and maintenance 
of agricultural machinery is making progress, 
though sometimes very slow progress. In 
this country, there are not nearly enough 
trained engineers to impart the required 
instruction. Some of the universities and 
technical colleges are providing courses which 
will go some way towards meeting the defi. 
ciency, and professional bodies like the 
Institution of British Agricultural Engi- 
neers are energetically and materially assis. 
ting. Moreover, a great deal of the educa. 
tional work concerned with agricultural 
machinery is being undertaken by manu- 
facturers and dealers. The outlay needed 
to increase that educational effort may be no 
small one, and the reward may not be nearly 
so great as is merited. But if engineers can 
help further to promote the more efficient use 
of the machines they provide, their labour 
will not be in vain. 


THE LARGE FLEET CARRIER 

TuE striking power of a navy to-day is 
largely vested in aircraft, and _ the 
carrier is, in consequence, given the leading 
position in the fleets of both Great Britain 
and the United States. How long she will 
retain that position is a matter for specu- 
lation, in view of the rapid developments in 
guided missiles and the practicability of 
adapting atomic explosive for use in con- 
ventional weapons. It is indeed not unlikely 
that in the relatively near future guided 
rocket launching platforms will replace 
flight decks with a return to the capital 
ship—a smaller, faster and more expendable 
vessel than the battleship as we know her 
to-day. There is, however, no prospect of 
any immediate change, for the United States 
Navy has recently laid down a 60,000-ton 
carrier, and intends building nine more similar 
vessels. The Royal Navy, too, has now com- 
missioned the 36,800-ton carrier ‘‘ Eagle,” and 
her sister ship, the “ Ark Royal,’ is nearing 
completion. ‘The details of H.M.S. “ Eagle,” 
now released by the Admiralty, go far to 
account for the sum of over £15} million 
which this ship has cost to build. More 
powerful . catapults—presumably the new 
steam-operated catapult, a British invention 
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_and an improved type of arrester gear, 
permit the operation of much faster and 
heavier aircraft than any previously cata- 

pulted from carriers. The generating plant 
Saasts of four steam-driven and four diesel- 
driven electrical generators, each with a 
500kW capacity, connected to a 220V d.c. 
watertight ring main system. An emergency 
supply is available in the event of damage. 
HLM. “ Eagle ” is the first ship in the Royal 
Navy to have an automatic telephone 
exchange ; and an integrated main broadcast 
system is fitted for passing general informa- 
tion, warning signals, &c., to all parts of the 
ship with, in action, a separate control of 
proadcasting to their own units by the 
yarious departments of the ship—armament, 
flight deck and hangar, &c. Among the 
amenities provided are electric galleys and 
jaundry facilities, air conditioning in the 
messes and in important action positions, 
and twin lamp fluorescent fittings. The ship 
has a length of 803ft 9in, a waterline breadth 
of 112ft 9in, and a draught of 36ft. She is 
armed with sixteen 4-5in and sixty-one 
smaller guns. 

These very large carriers are intended to 
operate the much larger and faster naval 
aircraft required to compete with shore- 
based aircraft on equal terms. The Russian 
surface fleet, with its three old battleships 
and some fifteen to twenty modern cruisers, 
will not present a serious menace in view of 
the overwhelming superiority of the N.A.T.O. 
Navies, and there would thus be little purpose 
in building large carriers for operations on 
the high seas. Their primary function is to 
take part in the kind of offensive which is 
always open to the belligerent holding com- 
mand of the sea—invasion and capture of 
portions of enemy territory. For carriers, 
alone, can provide the necessary aircraft 
during landing operations, and while the 
N.A.T.O. Air Forces are establishing air 
bases on land. The size of the United States 
carriers, indeed, indicates that they will 
also carry bombers of considerable range and 
represents a triumph for the naval viewpoint. 
United States naval officers have consis- 
tently maintained that the bombing of 
hostile communications, submarine harbours 
and war potential factories and establish- 
ments is not a matter for Air Forces alone, 
but can be carried out more effectively by 
medium range bombers, with fighter pro- 
tection, operating from carriers off an enemy’s 
coast. In support of this view, they quote 
the Korean campaign, in which long range 
land-based subsonic bombers, such as the 
“B-29,” have proved very vulnerable to 
attack from Russian “M.I.G.” jet inter- 
ceptors. But whether or not navies are to 
undertake strategic bombing, the large fleet 
carrier is an essential requirement at the 
present time, and her disadvantages— 
absence of docking facilities in likely opera- 
tional areas, large numbers of eggs in one 
basket, &c.—must be accepted.. With the 
“Eagle” and “Ark Royal,” the Royal 
Navy has eight fleet carriers, but five of 
these will-require extensive reconstruction 
and modernisation to make them suitable for 
operations in enemy waters. The modern- 
isation of the remaining ship, H.M.S. “ Vio- 
torious,” is now well in hand. There are 
also four smaller but equally fast carriers of the 
“ Hermes ” class, which are nearing comple- 
tion under the rearmament {programme, and 
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will be fitted with up-to-date installations. 
They will be quite effective for offensive 
work overseas, but casualties are likely to be 
heavy, and the total number of carriers 
available for this purpose would be entirely 
inadequate were it not for the twenty-seven 
Fleet Carriers of the United States Navy. 

An offensive would be of no avail without 
the necessary protection for our sea com- 
munications. But, unfortunately, we are 
lamentably short of the smaller and slower 
class of carrier suitable for anti-submarine 
operations. It must be realised that the 
weight and size of both detecting devices and 
anti-submarine weapons now being installed 
in aircraft have increased to such an 
extent since the war that the modern anti- 
submarine aircraft will no longer be able to 
operate from the escort carriers which were 
used to such good effect in the last war. They 
were relatively small ships with slow speed 
and were constructed, mainly in the United 
States, on merchant ship hulls: The kind of 
trade protection carrier required in the future 
will be a vessel of the “Glory” class, which has 
done such excellent work in the Korean 
campaign. We have only six carriers of this 
class and three more partly constructed, 
all work on them having been suspended soon 
after the war. It may well be that the much 
lighter helicopter—which shows great pro- 
mise as an anti-submarine aircraft—will 
help to provide an answer, but it cannot be 
easy for the Admiralty, at this stage, to 
decide whether to modernise more fleet 
carriers for offensive operations, or to resume 
work on the three smaller carriers for trade 
protection purposes. It seems that we cannot 
do both concurrently as long as we continue 
to accept so many foreign orders for mer- 
chant ships. 





Obituary 
DR. H. H. BLACHE 


WE have learned with deep regret of the 
death of Dr. H. H. Blache, which occurred 
in,Copenhagen on Monday last, March 17th, 
following an operation. Dr. Blache, who was 
seventy-seven, had attained, during his long 
professional career, an international repu- 
tation as a distinguished marine engineer. 

Hans Henrik Blache was born in Copen- 
hagen on September 17, 1874. His father was 
Christian Vigilius Blache, Professor of the 
Royal Academy of Art, who was acknowledged 
in his day to be the most famous painter of 
marine subjects in Denmark. After gradu- 
ating at the Royal Technical University of 
Copenhagen in 1896, H. H. Blache worked for 
a year in the Royal Danish Shipyard, as 
part of his national service. He then joined, 
in November, 1897, the shipbuilding and 
marine engineering firm of Burmeister and 
Wain, of Copenhagen, as a designer, thus 
beginning an association which continued, 
almost without interruption, until his death. 
To widen .his experience, however, Blache, 
as a young man, spent a couple of years or so 
on design work with engineering firms in 
this country and in Germany. He returned 
to Burmeister and Wain in 1901, and for 
the next twelve years was concerned prin- 
cipally with the design and testing of recipro- 
cating steam engines and turbines. On both 
the theoretical and practical sides of that 
work, Dr. Blache quickly revealed consider- 
able ability. 

In 1912, Burmeister and Wain completed 
the first ocean-going ship to be driven by 
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internal combustion engines, and soon after- 
wards, Dr. Blache became the company’s 
chief engineer. From then on, he took full 
responsibility for its engine design work and 
in particular for its development of the marine 
diesel engine. Early in the first world war, 
Dr: Blache designed a four-stroke, high- 
speed, light-weight diesel engine, which was 
installed in submarines built by his company 
for the Royal Danish Navy. It was emi- 
nently successful and many of its principles 
were subsequently embodied in much larger 
low-speed diesel engines produced to Dr. 
Blache’s designs. In the early 1920s, the 
United Steamship Company, of Copenhagen, 
invited Dr. Blache to consider the develop- 
ment of diesel units for high-speed passenger 
ships, in which the engine space could be 
minimised as much as possible. His res- 
ponse was a trunk engine, incorporating the 
best of the design points of his submarine 
engines. There quickly followed the four- 
stroke, double-acting diesel engines of the 
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kind first installed in the motor ship “ Grips- 
holm,” in 1925, and a few years later Dr. 
Blache achieved a further success with a two- 
stroke, double-aeting engine of large horse- 
power, the design of which included central 
exhaust piston valves and the use of positive 
rotary blowers for scavenging. After these 
double-acting designs, there came the Bur- 
meister and Wain single-acting, two-stroke 
engines with centrally-placed piston valves. 
Dr. Blache was also responsible for the appli- 
cation of engine driven blowers for the super- 
charging of four-stroke diesel engines, and 
for advances in methods of cylinder and 
piston cooling in large reciprocating engines. 
Dr. Blache was appointed managing 
director of Burmeister and Wain in 1919, and 
maintained regular personal contact with 
manufacturers of his firm’s diesel engines in 
most of the shipbuilding countries of the 
world. He relinquished the office of managing 
director in 1935, in which year he joined 
Harland and Wolff, Ltd., Belfast. He 
returned to Copenhagen in 1939, and in 
recent years had been almost wholly engaged 
in consulting work. For many -years, 
Blache had participated in the work of pro- 
fessional and technical societies, not only 
in his own country, but also here. From 
1915 to 1936, he was chairman of the Danish 
Society of Marine Engineers and Naval 
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Architects, and for a number of years served 
as chairman of the Danish National Com- 
mittee of the World Power Conference. 
Dr. Blache’s many papers to engineering 
societies in various parts of the world in- 
cluded a number presented to institutions 
in this country. Among them may be recalled 
a paper to the Institution of Engineers and 
Shipbuilders in Scotland, in 1925, on “ The 
Latest Type of Burmeister and Wain Diesel 
Engine,”; one in 1931, to the Institution of 
Naval Architects, on ‘‘ The Present Position 
of the Diesel Engine for Marine Purposes,” 
and one to the Institute of Marine Engineers, 
in 1936, on ‘‘ The Burmeister and Wain Two- 
Stroke Cycle Engine.” 

Last year, on the recommendation of the 
Danish Institution of Civil Engineers, Dr. 
Blache’s work was recognised by the award 
of the James Watt International Medal “ for 
his contributions to the advancement of 
mechanical engineering, and particularly 
for his pioneer work in the development of 
the large marine diesel engine.”” The medal 
was presented at a meeting of the Institution 
of Mechanical ineers in London, on 
May 4, 1951, the citation accompanying it 
acclaiming Dr. Blache as “a brilliant engi- 
neer of great courage and resource, backed by 
sound technical judgment.” On that 
oceasion, Dr. Blache was elected to honorary 
membership of the Institution of Mechanical 
Engineers, and delivered a James Clayton 
lecture, entitled ‘‘ Stages in the Design of the 
large Burmeister and Wain Marine Diesel 
Engine,” Dr. Blache was created a Knight 
of the Order of Dannebrog in 1921, and was 
later decorated with the Silver Cross of the 
same Order. In 1934, he was appointed a 
Knight of the Swedish Order of “‘ Nordst- 
jernan.” 


J. H. HARLEY-MASON 


Ir is with regret that we have to record 
the sudden death of Mr. John Harley 
Harley-Mason at his home at Datchet on 
Tuesday, March llth. Mr. Harley-Mason 
was born on December 8, 1877, and following 
his education at Brighton Grammar School, 
was trained under Mr. Maurice Wilson at 
the Orystal Palace School of Practical 
Engineering. He was appointed an assistant 
at the firm of consulting engineers, Hassard 
and Tyrrell, in Victoria Street, London, in 
1898, and in 1907 became a junior partner. 
Three years after, in 1910, he joined the 
staff of Perry and Co., public works con- 
tractors. As contractor’s engineer with that 
firm, Mr. Harley-Mason, amongst a number 
of other works, was engaged in the construc- 
tion of the 1800ft long ferro-concrete jetty at 
Tilbury, which is double-decked for trains, 
10 miles of line for the Great Western Rail- 
way, and the subways at Elephant and Castle 
and Blackfriars. When Mr. Charles Rowell 
died he became chief engineer to the firm. In 
1922, Mr. Harley-Mason secured the appoint- 
ment as new works assistant on the staff of 
the Underground Railways, and in January, 
1938, became new works engineer of the 
London Passenger Transport Board. He 
remained with the Board until December 31, 
1942, when he retired. During his twenty 
years’ service in connection with London’s 
transport, Mr. Harley-Mason was responsible, 
under the civil engineer, for the western 
extension of the Piccadilly Line; new 
stations at Hammersmith, Aldgate East 
and King’s Cross, and the civil engineering 
work on the Metropolitan Line’s improve- 
ments scheme. He was also nsible 
for the depots at Morden, Northfields and 
Grange Hill. He was a member of the 
Institution of Civil Engineers and a Fellow 
of the Royal Geographical Society. 
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Letters to the Editor 
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ASSESSMENT OF LOCOMOTIVE 
PERFORMANCE 


Sm,—In reply to Mr. E. C, Poultney 
(February 8th, page 216), I am afraid that 
analysis of ‘‘A3” cylinder performance has not a 
very direct bearing on that of the “ A4s,” 
with which I have been exclusively concerned. 

For three reasons, an “ A4,” at any given 
cut-off, will afford a diagram of substantially 
greater area. (1) Boiler pressure is higher, (2) 
pressure drop between boiler and steam chest is 
almost eliminated, (3) wiredrawing through the 
steam ports is reduced by the more favourable 
ratio of valve diameter to piston area. 

Whereas an “‘ A4”’ can run for long periods 
with steam chest pressure equal to boiler 
pressure, the former seldom rises above 205 lb 
per square inch on an “ A3.” 

High-speed diagrams from 2751 are seen to 
be poor, owing to wiredrawing and large nega- 
tive areas caused by premature compression. 
Lay-out of the L.N.E.R. valve gear was similar 
to that of the G,W.R. “Castle” class, and 
“Caldicot Castle’ displayed comparable dis- 
abilities under test, although ratio of valve 
diameter to piston area was more favourable. 

British designers have tended to turn a blind 
eye to throttling at admission, and we have 
recently seen the extinction of an experiment, 
with sleeve valves, which might have made a 
notable contribution to cylinder performance. 
Foreign practice is less conservative. 

My estimates of cylinder horsepower were 
arrived at by means of a formula incorporating 
@ generic constant for long-lap valves, This 
constant gives figures approximately equal 
to those indicated on “‘ Royal Scots,”’ but there 
is reason to think that this class benefits from 
a cylinder performance above the British 
average. The unusually large lead would 
contribute substantially towards attainment 
of a high mean pressure. 

At 75 m.p.h. and 20 per cent, the best outside 
diagram from 2751 exhibits a m.e.p. of 45. 
It is therefore not impossible that an “ A4” 
might sustain a m.e.p. 15 lb higher at a speed 
12 m.p.h. higher. All things considered, how- 
ever, I could concede that a m.e.p. of 60 Ib per 
square inch might be a little too flattering to 
the valve gear, which was identical with that 
of an “A3” and no doubt less efficacious than 
the other front-end components, 

J. D. Munnion 

Chelmsford 

March 4th. 


FUEL SUPPLIES 


Smr,—The leading article which was pub- 
lished in THe Enainerr on February 29th 
is of great interest and importance, and I 
would make several comments on British 
Electricity Authority policy. They are not, 
from the point of view of efficient fuel utilisa- 
tion, a matter which the Federation of British 
Industries so rightly stresses. In fact, in a 
letter to THE Encrveer, which was published 
in January, I emphasised the importance of 
extending the use of back-pressure generation, 
as well as oil engine peak-load sets. I feel, 
however, that it would be to public advantage 
if more information could be made available 
on policy regarding the incidence of power 
cuts. Nobody will deny that load-shedding 
is inevitable in present-day circumstances. 
However, in some towns, such as Brighton, 
a system of zoning exists and consumers in 
such areas know that they may experience 
cuts on certain days of the week, the day or 
days depending on the zone. This plan is 
certainly a step in the right direction. 

I give one example of the difficulties caused 
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by absolute uncertainty, and have in ming the 
case of a large steel works which experienc. 
frequent cuts in the early hours of the morning 
prior to any likely peak-load period. Stegn. 
raising plant of considerable capacity has bee, 
provided to meet certain requirements, wit, 
ample reserve, in case of non-availability of 
part of the plant, and also as a safeguard againg, 
power cuts. To maintain a reasonable 

balance in such works is always a tricky bygj. 
ness. In this instance coke-oven gas is use 
for various and any surplus sold to 
the Area Gas Board. On the other hand, th, 
disposal blast-furnace gas presents a problem, 
and it is for this reason that it is used ag fg 
as possible for boiler fuel. It is not cagy to 
bring water-tube boilers on to load quickly 
with this lean gas, although preparations to qo 
so could be made quite easily were cuts to be 
expected at peak-load or other day-time 
periods. At this plant it is in the best general 
interest to purchase current from the grid, 
but the management is completely in the dark 
as to why power cuts occur when they do, 

The brick industry presents some interesting 
problems in the matter of fuel economy, A 
continuous supply of current is demanded for 
the operation of kiln fans and for other pur. 
poses, but as power cuts must be. expected, 
independent generating plants must be pro. 
vided to safeguard essential requirements. 
One or more back-pressure steam sets will 
normally meet all the works power require. 
ments, as well as providing the necessary heat 
for drying the ware, preparatory to its being 
set in the kilns. However, to-day the develop. 
ment of methods of extracting waste heat from 
kilns sometimes renders surplus the demand for 
exhaust steam. Engine plant has been scrapped 
and production is at the mercy of power cuts. 
It would seem that the development of the 
use of waste-heat boilers in this industry would 
point the way to a solution to the whole 
problem. 

That the Ministry of Fuel and Power is fully 
aware of the necessity of making the best use 
of the National Fuel resources is indicated to 
the full in Dr. Roxbee Cox’s Thomas Hawksley 
Lecture in 1951, 


Joun Fox, 
M.I.Mech.E., 
Hove, March 11th. 
PHENOMENOLOGICAL 


Sm,—I have been interested to read the recent 
discussion in your columns concerning the use of 
the word ‘t Phenomenological.” 

I suggest that if it were transliterated into 
its original Greek characters it might look 
even more imposing, whilst it would certainly 
convey just about as much meaning to the 
average engineer as it does in its English guise. 

L. F. Hosss 

Rickmansworth, Herts, March 14th. 


THE GARRATT AND THE GAS TURBINE 


Smr,—Replying to Mr. Johnson’s letter in THE 
Encineer, of March 14th, I can assure him 
we are in agreement with regard to the gas- 
turbine locomotive. I can quote one of my own 
articles, though I forget which: “ The future 
is with the gas turbine.” I think I was com- 
paring it with the diesel-electric. I have not 
changed my opinion. This, however, did not 
mean that I pictured it monopolising the field 
to the exclusion of all other forms of motive 
power, but that it would play a large part in 
rail transport. The statement might be better 
put thus: ‘The gas-turbine locomotive has 
a great future ”—in contrast to the steam loco- 
motive of present basic design, which I imagine 
has next to none ; its day is nearly over. 

I admit Mr, Johnson’s soft impeachment as 
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tomy being @ trailer of coate—that is the Irish 
inme, no doubt. The explanation of my remark 
about the difficulty in transferring my affections 
to the gas-turbine engine from the “ basic 

” steam locomotive lies merely in the 
adage «bout teaching an old dog new tricks. 
J was brought up in the age of the latter, and 
am too old readily to transfer my affections to 
its supplanter, upon whose character I have no 
wish whatever to cast aspersions, I am naturally 
sympathetic towards the steam locomotive—I 
always have been—I feel for it and with it 
when in its company, and can enter into its 
difficulties, and admire its work in a way I 
cannot imagine myself doing for a gas-turbine 
engine. To me asteam locomotive has a soul— 
a gas turbine has not. This attitude may be 
quite illogical, but there it is, and I cannot help 
it, I rather think it is natural, anyway. 

A steam locomotive is responsive to the way 
it is handled to a greater degree than a gas- 
turbine-electric or diesel-electric, or so I pre- 
sume--I have never watched one in operation 
yet. It needs skill to drive a steam locomotive 
and to bring out the best that is in it—though 
not nearly so much as the uninitiated would have 
us believe. Almost ‘any ass’ can handle a 
diesel-electric after a lesson or two—he cannot 
a steam locomotive, though he does not need 
to be a genius or a wizard either. I do not know 
about a gas turbine; we shall see, but it pro- 
bably comes into the same category as the 
diesel so far as the driving is concerned. 

To sum up, the steam locomotive is like an 


old friend, whom one accepts as he is, with all . 


his faults and failings—he is “loved and 
laughed at.” Somehow, I can no more see 
myself loving a gas-turbine locomotive than 
a V-2 rocket—with which it has pointe in 
common, I ¢ould admire it, yes, but love it— 
I doubt it. However, to keep on good terms 
with Mr. Johnson, and quoting my previous 
letter, ‘‘ I shall try, but... 1" 

Epwarp H. Livesay 

Sheffield, 7, March 16th. 





Literature 
Production Forecasting, Planning and Con- 
trol. By E. H. MacNrece. New York: 
John Wiley and Sons, Inc.; London: 


Chapman and Hall, Ltd., 37, Essex Street, 
W.C.2. Price 94s. 

Ir is refreshing to read a book which deals 
with its subject in an original, if somewhat 
unorthodox, fashion, and undoubtedly Mr. 
MacNiece maintains the interest of his 
reader by giving him a number of questions 
at the end of each chapter, but before doing 
so he sets out a summary of the essential 
points covered, and finally, before passing to 
another phase, he provides what he terms a 
“ discussion case,”’ which gives experience in 
solving industrial problems. Such is the 
definitely unusual set-up of the book. The 
three distinct and yet allied subjects of fore- 
casting, planning and controlling production 
are shown to be so dependent the one on the 
other that they can legitimately be dealt 
with together and closely interlocked in a 
single study—the principles of industrial 
management clearly defined. On reading the 
book it will soon be seen that it is written 
from the American viewpoint, while such 
terms as burden, stockroom inventory, and 
statements like “this book is primarily 
intended as a textbook for a one-semester 
course,” or again, ‘every executive must 
know what is going on in his bailiwick,”’ 
sound strange to engineers in Britain, who 
will, however, do well to see how important 
production matters are handled across the 
Atlantic. Indeed, many of the principles 

might be applied in this country. 
e whole subject is covered in twenty- 
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three chapters, in which, after clearly setting 
out the purpose and scope of his investiga- 
tion and showing how good production man- 
agement serves many interests, the author 
proceeds to deal with different kinds of pro- 
duction, and, after discussing manufac- 
turing planning, factory planning and pro- 
duction planning, he turns to the important 
question of sales forecasting, and then shows 
how financial planning is helped by good pro- 
duction planning. He does not neglect 
such important matters as the loading of 
machine tools, the necessary recording and 
reporting on what takes place, while atten- 
tion is paid to organisation problems, and two 
chapters are devoted to the value of co- 
operation between different ments. 
The necessity for aiming at level production, 
which in turn leads to stable employment, is 
stressed ; indeed, we find the author is fully 
alive to the necessity for paying great atten- 
tion to the human side of industry, one too 
often neglected when planning for produc- 
tion. Two chapters are devoted to the pre- 
sentation of a typical problem and _ its 
solution, while a final one considers forecast- 
ing, planning and controlling war production, 
a subject to which we shall refer later. The 
book is well illustrated with charts and 
diagrams. 

Three kinds of production planning are 
instanced: (a) project (or, we should say, 
single job), (6) batch, and (c) continuous pro- 
duction, and in connection with each the 
value of sales forecasting is urged, even 
though the difficulties of the latter are 
candidly admitted. Sales fi éan be 
based on the considered opinion and ex- 
perience of the upper staff, or on estimates 
given by salesmen, or on statistical sampling, 
or by a combination of them, taking into 
account the historical side. It is suggested 
that scarce raw material should be the 
basis for material purchase, and it is felt 
that there is wisdom in this, otherwise stocks 
of material that cannot at present be used 
will be built up unduly. Many questions are 
raised and discussed, such as whether the 
loading of machines involves too much work 
and could be di with ; but we agree 
with Mr, MacNiece that it is essential if good 

ing is to be ensured. Again, can pro- 
duction be scheduled by means of small 
cards on hooks individual 
orders ? We feel there is much to commend 
such a system. The value of recording and 
reporting cannot be emphasised too much, 
and young British engineers might with 
advantage practise writing intelligent reports, 
leaving out nothing that is important, but 
avoiding all padding, and being definite, 
clear and concise. The author raises a note 
of warning against setting up cumbersome 
systems, and instances a case where dis- 
honesty led to the launching of a system 
which proved far more expensive than any 
of the losses due to dishonesty. The value of 
quality control is rightly pointed out, in that 
it is designed to maintain standards during 
manufacture rather than detect faults after 
the event. That upward mobility in staff is 
essential may be regarded as axiomatic, and 
yet how often is it found that an otherwise 
successful member of the staff endeavours to 
keep to himself the detail of his work with a 
view to being indispensable, whereas he is 
thereby jeopardising his chances of pro- 
motion, while disorganisation will be apparent 
should he unavoidably be absent. 

If the author can claim that production 
planning in America is ahead of that in other 
countries, Britain can justifiably aver that 
she has given a lead in war preparedness, in 
that long before the second world war a 
directorate of industrial planning was set up, 
which assessed the country’s war potential 
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and took steps in advance to train indus- 
trialists in the war work that would be 
entrusted to them. By this means trans- 
ition from peacetime activities to the pro- 
duction of war material was relatively 
smooth. In the interesting chapter on war 
planning the author evidently has something 
of the same sort in mind, although he does 
not clearly indicate how he would co-ordinate 
the work under one authority. Placing of 
small educational orders in the days of peace 
might with advantage have been suggested. 

Finally, in a well-considered and helpful 
treatise it is affirmed that success in fore- 
casting and planning “depends upon atti- 
tudes and ways of thinking as much as upon 
the exercise of this or that particular skill.” 
We agree and this book promotes thinking 
along right lines. 





SHORT NOTICES 


A.C./D.C. Test Meters. By W.H. Cazaly and 
Thomas Roddam. London: Sir Isaac Pitman 
and Sons, Ltd., Parker Street, Kingsway, 
W.C.2. Price 18s.—This book covers the prin- 
ciples, circuit design and construction of work- 
shop grade instruments for testing of low power 
apparatus. It is intended to serve as a prac- 
tical guide for the radio service engineer, 
laboratory technician and test-room staff. It 
opens with a chapter on moving coil indicators 
and proceeds to show how the same basic 
instrument is used for measurements on d.c. 
and a.c. circuits. There are separate chapters 
on a.c. voltage ranges and current transformers, 
and on instrument accuracy, with a section 
on the B.S.I. and its definitions of sub-standard 
and first grade instruments. As an example of 
what can be done, using the facilities of a 
‘professional or good amateur workshop,” the 
book gives a multi-range a.c./d.c. circuit 
design with instructions for building a practical 
workshop instrument. 





A Complete Guide to the Building (Safety, 
Health and Welfare) Regulations: Statutory 
Instrument, 1948, No. 1145. London: The 
Royal Society for the Prevention of Accidents, 
52, Grosvenor Gardens, 8.W.1. Price 15s. 
—Intended for a standard work for ready 
reference to all concerned with building con- 
struction, this book will not only be of use to 
those actively engaged on the actual building 
task, but also to architects, engineers and others 
concerned first with design and later. with 
supervision or consultancy. 

The Kegulations have what is possibly the 
widest application in industry generally of any 
made under the Factories Acts and this book 
provides a simple but complete guide for those 
whose duty it is to comply with the Regula- 
tions. 

The relevant requirements are grouped 
under appropriate headings and the main 
sections covered are dates of operation, regula- 
tions revoked, definitions of terms, application 
of the Regulations and Factories Acts, obliga- 
tions under the Regulations, appointments 
and personnel, examination, tests and records, 
notices, signs or marks, first aid, welfare and 
personal safety appliances, scaffolds, worki 
places and access, excavation, demolition of 
buildings, chains, ropes and lifting gear, 
lifting appliances, hoists, machinery and general 
precautions, 





Directory and Buyers Guide 


THE 1952 edition of “‘The Engineer Direc- 
tory and Buyers Guide” has just been pub- 
lished and one free copy is being dispatched 
by post to all subscribers on our lists. Arrange- 
ments have also been made for all regular 
readers who obtain THE ENGINEER through 
newsagents to receive a copy, which should be 
delivered to them with the current issue. 
Any subscriber or regular reader uct receiving 
a copy should write to The Manager, THE 
ENGINEER, 28, Essex Street, Stzaid, London, 
W.C.2. Extra copies are olyisimable at 5s. 
each, including postage. 
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Mechanised Agriculture 


The rapid development of agricultural mechanisation in the United Kingdom 
during the last decade has presented many problems, not only to farmers, but to 
engineers and designers concerned with the production of tractors and farm 
machinery generally. At a three-day conference, held recently at Harrogate, 
opportunity was provided for full and frank discussion of some of those problems. 
This article summarises those parts of the proceedings which were of special interest 


to engineers. . 


N Tuesday, Wednesday and Thursday of 

last week, March llth, 12th and 13th, the 
second National Power Farming Conference was 
held in Harrogate. More than 200 people 
attended the conference, the company including, 
in addition to farmers, many engineers, 
machinery contractors and dealers, and repre- 
sentatives of the technical colleges and the 
National Agricultural Advisory Service. Mr. 
J. T. Beresford, vice-chairman of the develop- 
ment and education committee of the National 
Farmers’ Union, was the chairman of the con- 
ference committee, and the many tasks asso- 
ciated with the general organisation were 
capably carried out by Mr. D. N. McHardy, 
editor of Power Farmer. The principal object 
of the conference was to provide opportunity 
to discuss in some detail the many problems 
arising from a fully mechanised agriculture and 
to seek out new ways of using power farming 
technique to the best advantage. All the papers 
presented at the conference kept in mind the 
requirements of the average farm—of, say, 300 
acres or less—rather than those of the more 
extensive specialist holdings. 

The first two papers read at the conference 
were entitled “What Can We Learn from 
America?” Their authors were Mr. H. T. 
Williams, head of the Ministry of Agriculture’s 
economics branch, and Mr. E. C. Brown, an 
official of the National Union of Agricultural 
Workers, both of whom were menibers of the 
agricultural productivity team which recently 
reported on its tour in the U.S.A. One point 
emphasised by Mr. Williams was that, in 
striving for a high return on labour expended, 
the American farmer, set in a general environ- 
ment in which labour-saving devices occupied a 
prominent place, had readily accepted the 
advent of the machine to the farm. Generally, 
the American farmer was extremely skilled in 
the use of a machine and was extremely 
mechanically minded. Nevertheless, he was 
very conscious of the economic and financial 
aspects of mechanisation. Mr. Williams sug- 
gested that farmers in this country might have 
been “too restrictive on the agricultural 
engineer and machinery manufacturer’ and 
wondered whether farms could not be re- 
organised in order that better use could be made 
of the machines put at their disposal. 

The papers of particular interest to engi- 
neers, however, were those presented on the 
second and third days of the conference. The 
first of them, by Mr. J. T. Beresford, dealt with 
the economics of mechanisation—a subject to 
which manufacturers as well as farmers must 
give close attention. Mr. Beresford pointed 
out that as most of the farms in the eastern 
half of this country were equipped for cash 
crops rather than grass, they were of a size and 
quality to support a relatively high degree of 
mechanisation. But he later suggested that, 
in the last ten years, this country had blindly 
pursued a course of mechanisation for mech- 
anisation’s sake, regardless often of the 
optimum deployment of labour and regardless, 
too, of the most effective deployment of 
natural agricultural resources. One of the 
speakers in the subsequent discussion empha- 
sised, however, that a question of considerable 
importance in the country’s agricultural policy 
was “ not what was saved by mechanising, but 
what was lost by not mechanising.”’ 

Mr. Beresford’s paper was followed by one 
entitled “‘How the Contractor Helps,” by 
Mr. F. L. Sabatini, secretary of the British 
Agricultural Contractors’ Association. Mr. 
Sabatini said that the man who farmed 100 
acres or so must realise the need to conserve 
his capital and to use the machinery and 


skilled operators provided by agricultural con- 
tractors. The overhead charges where small 
acreages were involved so often outweighed 
the savings which a+ machine could secure. 
Mr. Sabatini added, that the efficient, agri- 
cultural contractor must be equipped, not, only 
with the necessary. machinery and implements, 
but also with some practical experience of 
farming. He argued that the ownership of 
expensive machinery and the employment of 
skilled operators by contractors was better than 
co-operation among farmers in the use of 
machinery, because an independent manager 
controlled movement from farm to farm and 
skilled engineers under the supervision of a con- 
tractor could maintain and operate the 
machinery more efficiently. This last point 
was taken up during the discussion by Mr. D. M. 
Walker, of the engineering department of the 
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could also be rear-mounted and could trays 
backwards! The paper mentioned also , 
drying apparatus using a roasting kiln, oye, 
which a kind of hay tedder moved slowly back. 
wards and forwards and continually turned the 
material to be dried. 

The other paper on German design was by 
Dr. H. von Hiilst, of the agricultural staff of 
Géttingen University, who concerned himself 
principally with agricultural tractors. Dr, yon 
Hiilst acknowledged that quite a number of 
farming machines could be used on a co-opera. 
tive or community basis, but that, ho gup. 
gested, could not always be done with tractors, 
German engineers had looked for new and 
different solutions to make tractors meet the 
requirements of different-sized farms, but jt 
was well known that the problem of building g 
smaller tractor could not be solved just by 
scaling down a large one. Dr. von Hiilst went 
on to mention the German practice of equipping 
all tractors above 10 h.p. with diesel engines, 
which, it was claimed, had a number of marked 
advantages under present conditions in Ger. 
many. Diesel engines were more economical 
and diesel oil for agricultural use—which was 
less expensive than petrol—was subsidised. 

Nowadays, buyers generally preferred full 
diesel tractors, and Dr. von Hiilst commented 
that there was a trend towards a higher num. 
ber of cylinders—up to four—to permit lighter 
designs of gearing and flywheel. In that 
respect, he observed, the unit system was rather 





IMPLEMENT CARRIER 


Shuttleworth Agricultural College, who felt 
that there was a need for contractors to provide 
@ technical service in connection with various 
specialised farming operations. 


Recent DEVELOPMENTS IN GERMAN DESIGN 


On Wednesday afternoon, two papers read 
at the conference dealt with recent develop- 
ments in Germany in the design of agricultural 
machinery. The first was by Dr. H. Speiser, 
of Kiel University, and referred to Western 
Germany, where, the author explained, on 
account of the numerous small holdings, about 
80 per cent of the farms were excluded from 
reasonable and thorough mechanisation. At 
the same time it was stated that to-day in 
Germany even the smallest farms were con- 
nected to the electricity grid and thereby 
benefited from a noticeable reduction in 
manual work. On the subject of implement 
development, Dr. Speiser’s paper said that 
Germany lacked a very small sieveless combine- 
harvester with a cutting width of about 4ft, 
such as had already been produced in Sweden. 
On the small farms, therefore, the self-binder 
continued to be at the forefront of any develop- 
ment. Asmall binder was being produced which 
could be mounted at the front of a tractor. It 


interesting, as it cut down expenditure, not 
only at the factories, but in the number of 
replacement parts and servicing costs. Another 
observation made in the paper was that the air- 
cooled diesel engine was gaining more and more 
in importance in Germany. Its main advan- 
tages were its immunity to frost, its shorter 
warming-up period, and, consequently, 4 
speedier attainment of working temperature. 
Furthermore, it was claimed that the detri- 
mental components of: diese] oils, especially 
those containing sulphur, could not cause so 
much damage with the higher working tem- 
peratures of air-cooled engines. 

The four-wheel drive was next mentioned by 


Dr. von Hiilst. He said that increased atten- 


tion had been given to it in recent years. In 
all tractors of this kind, the four-wheel drive 
could be cut in and out, and, normally, the 
front and rear wheels were of equal size. In the 
construction of four-wheel driven tractors 
designers aimed to distribute 50 to 60 per cent 
of the weight on the front axle and 40 to 50 per 
cent on the rear, the weight distribution on 
orthodox tractors being about 33 per cent on 
the front axle and 67 per cent on the rear. 
Dr. von Hiilst commented that tractors with 
four-wheel drive cost about 10 per cent more 
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than rear-driven ones, but amongst their 
advantages there should be included higher 
drawbar power and better steering stability 
under difficult conditions. 

Dr. von Hiilst concluded his paper with 
prief references to implements. In Germany, 
he said, implements were usually hitched to the 
year of the tractor, but some tractors were 
arranged for centrally mounted tools. This 
latter mounting method, he thought, was to be 
preferred, although he stressed that it must be 
go designed as to make rapid change of equip- 
ment possible, for in Germany great emphasis 
was placed upon single-driver working. Finally, 
there was a mention of “‘ implement carriers,”’ 
which, Dr. von Hiilst said, were a new develop- 
ment in Germany, and one which, it was hoped, 
would enable the demand for the mechanisation 
of small farms to be met. The accompanying 
illustration of an implement carrier built by 
Lanz conveys an idea of its general arrange- 
ment. Dr. von Hiilst explained that the 
carriers included a rear-mounted engine and 
driving seat. The accessories—-such as a 
plough, grain drill, beet and potato harvesters— 
were mounted to the frame at the front, which 
gave the driver a good view of the work without 
difficulty. A special advantage was that the 
rear wheels, as well as the front, were steerable, 
so that sideway sliding of the carrier on the 
shoulder of a hill could be avoided. 


ELECTRICITY FOR THE SMALL Farm 


At the next session of the conference the 
chair was taken by Mr. F. E. Rowland, 
M.LE.E., president of the Institution of British 
Agricultural Engineers, and Mr. C. A. Cameron- 
Brown, agricultural adviser to the British 
Electricity Authority, spoke on “ Electricity 
for the Small Farm.” Mr. Cameron-Brown 
admitted that, as present electricity supplies in 
this country lagged far behind demand, the 
proportion of farms supplied with electricity 
was not so high as in some other countries. 
Nevertheless, he asserted, an intensive study of 
farm electrification had been made and there 
had been developed here a degree of electrifi- 
cation and novelty of.application not exceeded 
and rarely equalled anywhere else. Mr. 
Cameron-Brown then proceeded to deal briefly 
with the use of electricity for agricultural light. 
ing, for dairy work, barn machinery, and grain 
and crop drying. He added the plea that in 
applying electricity to agriculture the informa- 
tion and advice, which were readily available, 
should be used to prevent good equipment 
being waaay chosen for the particular job in 

The discussion on this paper was opened b 
Mr. Hamish Ferguson, secretary of the Diesel 
Engine Users Association, who referred to the 
existing difficulties of farms in remote districts 
becoming linked with the grid supply in the 
foreseeable future. He advocated the more 
extensive employment of oil-engined generating 
sets. Questions were also asked by other 
speakers about the possibilities of generating 
electricity by wind and water power. In reply, 
Mr. Cameron-Brown referred to the experi- 
ments with wind power which were being made, 
and said that the high overhead costs were a 
retarding factor. A similar difficulty was pre- 
pert over electricity generation by water 
urbine, 


MACHINERY REPAIR AND MAINTENANCE 


The last day of the conference began with a 
paper by Mr. D. N. McHardy on the important 
subject of agricultural machinery repair and 
maintenance, the cost of which, he said, was 
to-day alarming on many farms. Mr. McHardy 
described the principal causes of breakdown 
and excessive wear, mentioning failure to give 
& machine a proper running-in before putting it 
to work, lack of lubrication, and vibration. To 
that list there was added neglect to protect 
implements from the weather by means of 
proper storage and the failure to clean imple- 
ments after use.. Saying that the farm work- 
shop was a necessity to-day, Mr. McHardy 


agreed that its scope must be decided in relation: 


to the mechanical ability available. , 
Implement manufacturers, the paper stressed, 
an important contribution to make. It 
was not enough to design and produce a 
machine capable of doing its job. -Designers 
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should give equal consideration to the question 
of maintaining the machine in good working 
order. Accessibility for greasing and for over- 
haul was a prime essential, and was a matter 
which needed closer attention on the part of 
designers. More general use should be made of 
self-locking nuts, and many units might be re- 
styled to eliminate reciprocating motions, 
which were often responsible for much vibration. 
In Mr. McHardy’s view, however, the best way 
in which manufacturers could contribute to 
ease of maintenance was by keeping all designs 
down to the simplest possible form. Over the 
past few years there had been too great a 
tendency towards more and more complicated 
machines, a trend which seemed likely to bring 
in its train so many maintenance problems that 
the object of mechanisation might be defeated. 
Finally, the paper deplored the fact that 
education in the handling and maintenance of 
farm machinery was still in its infancy. There 
were not yet, Mr. McHardy said, anything like 
enough trained teachers, service men or indeed 
enough trained personnel in any of the sections 
concerned. That lack of training was at the 
root of the widespread evil of the too rapid 
wastage of farm machinery. 

The concluding papers at the conference were 
on machinery for grass farms and equipment for 
root crops. They were presented by Mr. W. S. 
Shattock, a machinery adviser to the National 
Agricultural Advisory Service, and Mr. W. J. 
West, director of the Scottish Machinery 
Testing Station. 





A Prestressed Concrete Bridge 
in Monmouthshire 


THE new Foundry Bridge which has recently 
been completed at Abertillery replaces an old 
steel bridge built in 1895 to carry the Newport— 
Brynmawr road over a deep railway cutting. 
By 1926 the original bridge, which was con- 
structed of steel plate girders, had rusted to 
such an extent that it was condemned as unsafe 
and closed to traffic. As a temporary measure 
the structure was shored up with timber struts 
and reopened to limited loads in 1927. For 
various reasons, however, a new bridge was 
not built until recently. 

The new bridge is 40ft wide, with a carriage- 
way 27ft wide and two footpaths each 6ft 6in 
wide. Retention of the original pier gives it 
two unequal spans of 71]ft 6in and 61ft 6in. 
Five prestressed concrete beams in each span 
carry a reinforced concrete deck slab. The 
beams, which are 73ft 6in and 63ft 6in long, 
were cast on the site. The Freyssinet system of 
prestressing was used, the longer beams being 
stressed with twenty-four cables and the 
shorter with eighteen. 

While casting was in progress an investigation 
of the abutments and central pier was made and 
some improvements were carried out. A culvert 
which passed underneath the pier was diverted 
and the pier underpinned. At the western 
abutment it was found that there were layers of 
clay between the rock strata, and a mass con- 
crete block was therefore constructed against 
the rock face, to transmit pressure direct to 
the lower stratum of solid rock. At the eastern 
end pressure piles were used to provide a 
stable foundation for the new abutment exten- 
sion and wing walls. 

Each’ of the main beams was moved into 
position across a temporary track and was then 
moved sideways into its final position by being 
hung from portal frames erected on the abut- 
ment and on the centre pier. Transverse beams 
were cast between them, which were intended 
to act solely as stiffeners. After these stiffeners 
had been prestressed the formwork for the 
decking slab was erected and the slab concreted. 

The whole of the work was completed in 
approximately twelve months. The cost of 
the bridge was borne jointly by the Monmouth 
County Council and the Ministry of Transport, 
Abertillery Urban District Council acting as 
agents for the county council. The consulting 
engineers were Wallace Evans and Partners, 
the general contractors being Sir Robert 
McAlpine and Sons (South Wales), Ltd., and 
the Vibrated Concrete Company, Ltd., doing 
the prestressing. 
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; Epicyclic Gears* 
By H.N. G. Atzen, M.A., and T. P. Jonzs 
No. Il—(Concluded from page 375, March 14th) 


DEsIGN 


General.—The main differences between the 
tooth working conditions in epicyclic gears and 
parallel shaft gears are :— 

(a) The surface stress between the internal 
and external teeth running together is less than 
that between two external teeth because the 
relative radius of curvature, which is inversely 
proportional to the stress, is so much increased. 
For this reason it is usually found unnecessary 
to case-harden the annuli used in epicyclic 
gears, even when the sun wheel and planet 
wheels are case-hardened. 

(6) For a given size and number, teeth cut 
on an internal ring are stronger than those cut 
on an equivalent external wheel. 

Epicyclic gears offer considerable savings in 
weight and space and higher efficiency compared 
with parallel shaft gears, and the co-axial 
arrangement of input and output shafts is also 
an advantage. These savings are due to the 
load being transmitted by several tooth contacts. 

Load Sharing between Planet Wheels.—lIt ‘is 
essential to ensure that the planet wheels do 
share the load equally. If torque is applied 
to an epicyclic gear with three planet wheels 
whilst it is prevented from rotating and 
one of the co-axial members is allowed to float, 
the tooth forces involved will move the floating 
member until equilibrium is obtained. This 
state of equilibrium will be reached when the 
tooth loads on all the members are equal. 

Under running conditions the problem becomes 
more complicated, since it it impossible to 
manufacture components which are perfectly 
accurate. Very small errors can cause consider- 
able accelerating forces to act, but by mounting 
the annulus flexibly in the gearcase, very good 
load sharing can be achieved. This has been 
proved by applying strain gauges to the fixed 
annuli of planetary gears running under load. 
The method consists of attaching a number of 
electrical resistance strain gauges to the outside 
of the annulus and measuring the strains pro- 
duced as successive planets pass each gauge. 

Hardened Components.—As the sun and planet 
wheels are small they can be hardened more 
conveniently and their distortion during harden- 
ing is not such a serious problem. It is said 
that the permissible surface stress may be varied 
as the square of the hardness number and when 
changing from an unhardened to a hardened 
material with an increase in Brinell number 
from 190 to 630, much higher values of the load- 
ing coefficient, generally denoted by K, than 
those shown in the table of comparisons are 
theoretically acceptable. 

Any hardening process, capable of giving a 
reasonable case depth may be used for sun and 
planet wheels but the amount of distortion 
arising from the hardening process will affect 
the choice of the finishing operation applied 
to the teeth. In most instances, case hardening 
followed by gear grinding on any of the well- 
proved form or generating type of gear grinding 
machines is used for the hardened gear wheels 
of high quality industrial and marine gears 
in this country.. In the future, induction 
hardening may offer a means of hardening, with 
distortion low énough to eliminate the necessity 
for any post-hardening process on the gear 
teeth. 

One method of hardening gear teeth which 
is used in Germany is nitriding, and in its 
favour are the almost negligible amount of 
distortion which takes place, adequate case 
depth blending well into the core and high core 
strength. After nitriding, a slight ““bloom ” or 
softer layer is present on he surface to the depth 
of, about 0-00lin, but this can be removed by 
light lapping, whith also gives a slight amount of 
tip and root relief to the teeth. Gears have been 
run very successfully without any post-nitriding 
process on the teeth and the authors have found 
that for comparable accuracy the teeth of 
gears which are hardened by pack carburising 





* The Institute of Marine Engineers, Tuesday, March 
llth. Abstract. 
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and oil-quenching must always be ground after 
hardening. 

As the surface stress is so much less on the 
annulus, being, for a planetary gear 


Es x (surface stress on sun wheel 
ratio— 1 


advantage may be taken of the reduction in 
size offered by the use of hardened sun and 
planet wheels without the necessity of harden- 
ing the annulus. 

Efficiency.—The losses in a gear are :—tooth 
friction losses ; bearing losses ; oil churning. 

Tooth friction losses are approximately pro- 
portional to the tooth load and the pitch line 
velocity. As the components in epicyclic gears 
are small their pitch line velocities are low com- 
pared with those of parallel shaft gears running 
at the same rotational speed. This is shown in 
Table I. Where the planet carrier rotates in 
the same direction as the sun pinion, or the 
annulus in the same direction as the planet 
carrier, the relative pitch line velocity is less than 
the actual pitch line velocity. The product of 
the tooth load and the relative pitch line velo- 
city is proportional to the “ potential horse- 
power.” It follows that since the tooth losses 
are proportional to the potential horsepower, 
the efficiency of a gear in which the potential 
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reaction loads and therefore the main shaft 
bearings have only to support the weight of the 
components. This weight, the torque reaction 
from the gear and the thrust, when single helical 
gears are used, do not impose large forces on to 
the gearcase, and this can be of light construc- 
tion. 

Planet ‘Carriers. — Planet carriers should 
always be made as rigid as possible and the 
spacing of the holes for the planet wheel 
spindles must be of the highest possible degree 
of accuracy. 

Lubrication.—A typical method of lubricating 
an epicyclic gear is shown in Fig. 1. The planet 
wheels are fed with oil led into the centre of the 
low speed shaft and thence by radial holes via 
the centre of the planet wheel spindles to the 
bearings. The sunwheel planet contacts are 
lubricated by oil, led into the centre of the sun 
wheel, which flows by radial holes into two 
tooth spaces. The planet-annulus contacts are 
lubricated by the oil mist present in the gear- 
box. The gear tooth type flexible coupling is 
lubricated by radial holes leading into each 
tooth space. 

It is always desirable to use a filtered oil 
supply. 

Gear Sizes.—Parallel shaft gear sizes are 
usually referred to in terms of the centre dis- 
tance between the shafts, and in epicyclic gears 
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assembled without fitting, and in practice this 
can be achieved. Care in handling must no; 
be overlooked as an éssential item in the 
sequence of manufacture. 

More damage can be done in initial test beq 
running than in the whole life of the years jg 
adequate precautions are not taken to clean 
out all oilways and if the interior surfaces of 
the gearbox are not free from dirt and sway. 
Special care should be taken with the filtering 
of oil used during test running. 

Hobbing and Planing with Special Reference 
to Internal Gears.—-The hobbing process hag 
been developed so that the pitch accuracy jg of 
a very high order, But to cut an _ internal 
gear On a hobbing machine requires a cutter 
specially designed for the gear in question and 
any alterations in design necessitate an altera. 
tion to the form of the cutter. The reason for 
this is that, when cutting internal teeth, the 
hobbing machine is being used to carry out a 
continuous form milling operation and only one 
of the teeth on the cutter is complementary to 
the required gear tooth space. 

Gear planing machines, using rack type 
cutters for external teeth and with provision 
for cutting internal gears with Fellows type 
cutters, have been successfully used for 
epicyclic gear components. The necessity of 
changing the cutter for each change in design 
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FiGs. 6 AND 7—Two Examples of 10,000 H.P. Main Propulsion Reverse Reduction Gear 


horsepower is less than the transmitted horse- 
power will be higher than that of a gear in 
which these two are the same. 

In solar gears the efficiency is exceptionally 
high because the potential horsepower is equal 
to: 

ratio— 1 
ratio 

Bearing losses are dependent on the size of 
the bearings and when the input and output 
shaft bearings are supplied in epicyclic gears 
they are small because no tooth reaction loads 
have to be carried. A lightly loaded 2in 
diameier bearing 2in long with a shaft running 
at 7500 r.p.m., lubricated by a medium turbine 
oil, will absorb about 1-5 h.p. In —— 
gears it is often possible to eliminate the high 
speed sun wheel bearings, and it is also possible 
in some cases to eliminate one of the low speed 
shaft bearings. Under the above conditions, 
the only bearings in the gearcase are the planet 
wheel bearings and one low speed shaft bearing. 

Planet Wheel Bearings.—One feature of epi- 
cyclic gears which needs special attention is the 
design of the planet wheel bearings. Plain or 
ball or roller bearings may be used according to 
circumstances. - 

The authors consider that white metal is the 
best bearing material for either the bushes or 
the faced spindles used in planet wheel bearings. 
It is more than adequate for the loads which 
have to be carried. Planet wheel bearing pres- 
sures up to 750 Ib per square inch have proved 
satisfactory but pressures are usually well below 
this figure. It is often unnecessary to supply oil 
under pressure for gears which are fitted with 
ball and roller bearings, splash lubrication 
being adequate. 

Gearcases and Main Shaft Bearings.—The 
planet bearings alone are subjected to tooth 





X (transmitted horsepower). 


it is easiest to refer to the gear size in terms of 
the annulus pitch circle diameter. 

It is possible to cover all marine auxiliary 
and many main propulsion applications with 
gears, the largest of which would not have an 
annulus diameter of more than 25in. 


MANUFACTURE 


General.—The load-carrying capacity, life 
and quietness of gears depend on experience in 
design and on accurate manufacture, both with 
regard to the gear tooth form and the general 
machining. Within a comparatively small 
range of gear sizes it is possible to cover all 
marine auxiliary and many main propulsion 
requirements. 

All the component parts are light and easy 
to handle and the general machining and gear 
tooth forming can be carried out on a narrow 
range of machine tools which are cheaper and 
need less room than machine tool equipment for 
manufacturing parallel shaft gears of equivalent 


powers. 

A high degree of accuracy in gear tooth 
formation is necessary. The general dimensional 
accuracy required for the other components is 
the same as for any modern precision piece of 
engineering ; but, in addition, it is important to 
achieve good positional accuracy. This is 
especially so for planet carriers and the bores 
of the bearings. Where large numbers are 
involved, these points are best covered by a 
substantial degree of jigging or by the pro- 
vision of special-purpose machine tools, but 
where a small number only is involved require- 
ments can be met by a production type of jig 
boring machine. 

The final check that components have been 
made to the required standard is that they 
should run satisfactorily when they have been 





does not arise when annuli are planed. The 
designer is restricted in his choice of helix 
angle by the lead of the guides provided for 
the machine and the diameter of the cutters. 
High-quality work can be produced by planing 
and it is generally the most suitable method for 
producing internal gears. 

The annulus and coupling rings of the gears 
illustrated are slight in section and it might 
appear difficult to keep them in an undistorted 
condition, but it has been found possible when 
the correct technique is used. Grinding the 
bore and outside diameter is inadvisable and 
annealing after rough machining the blank 
rings is considered to be essential. The teeth 
in the rings are always cut in a free condition, 
ie., care is taken not to distort the ring when 
clamping it to the planing machine table. 

Shaving.—For batch production an econo- 
mical method of producing hardened sun and 
planet wheels is to use nitriding steels, the gears 
being shaved, if considered necessary, before 
hardening. Once a cutter has been made the 
tooth profile cannot be altered without re- 
grinding the cutter, which results in a reduction 
in its life. 

Grinding.—Form grinding is more often used 
for large batch production and when changes 
in design are infrequent. Generating grinding 
is perhaps more suitable when small numbers 
of a varied range of designs are required. 

Checking of Toothed Components.—It is 
advisable to use a universal gear checker to 
enable the helix angle, profile and concentricity 
to be recorded at one setting. This saves time 
and measurements are made from one basis. 
The comparative smallness of epicyclic gear 
parts enables the actual profile and helix to be 
easily measured with certainty and, by using 
planet carriers, made to fine dimensional 
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brakes but excluding the thrust block. 

The reversing system which is incorporated 
in the first train comprises a driving sun wheel 
meshing with three compound planet wheels, 


tions. For example, in a steam turbine running 
at 4500 r.p.m. and developing 10,000 s.h.p. 
there is a constant loss, when going ahead, of 
some 200 h.p. due to astern turbine windage. 


gcouracy, the necessity of providing special 
meshing rigs does not arise. 
Oarriers.—The spacing of the planet 
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Planet 
gpindle bores in the planet carrier should be of 
the highest accuracy and they should be pre- 
gision bored on @ jig borer or special-purpose 
machine. Parallelism of the bores must also 
be kept within fine limits to enable the gears 
to be assembled without any hand work and 
to ensure consistent meshing of all the wheels, 

Planet Wheel Bearings.—Spindles faced with 
white metalare no more difficult to produce than 
white metal lined bushes, and with such spindles 
the bores of the planet wheels may be honed and 
a 

Table I gives the data for gears from which 
some of the advantages to be gained by the use 
of epicyclic gears are easily seen. These are 
summarised as follows :—Smaller dimensions, 


A double reduction for this power would 
involve the loss of a Further 300 h.p. A reverse 
reduction epicyclic gear could limit the total 
loss to about 200 h.p. 

A gear suitable for 10,000 s.h.p., reducing 
from 4500 r.p.m. to 110 r.p.m. ahead and 
6700 s.h.p. reducing from 4500 r.p.m. to 
89 r.p.m. astern is illustrated in Fig. 6. In this 
arrangement both when going ahead and astern 
all the components are doing useful work. The 
gear comprises three epicyclic trains; one 
double helical reduction train followed by two 
spur trains, which incorporate the reversing 
features. The double helical planetary train 
gives the initial reduction ahead and astern and 


the second parts of which mesh with another set 
of planet wheels mounted in the same planet 
earrier. These last wheels engage with the 
second of two annuli, each of which is con- 
nected to a brake drum. The planet carrier of 
this train is the driven member for both running 
conditions and drives the sun wheel of the final 
reduction train, which is a planetary gear with 
compound planets. When going ahead the 
ahead brake is applied, which makes the first 
part of the compound planet train a simple 
planetary system. The single planets and 
second annulus with its brake drum are allowed 
to idle, whilst the planet carrier drives the sun 
wheel of the second train, which in turn drives 


Taste I.—Table of Comparisons Between Parallel Shaft and Epicyclic Gears 













































































Duty* Turbo-alternator Turbo-pump 
Power 2000kW 1180 h.p. 
Speeds in r.p.m. 6000/1500 7000 /690 
Ratio 4:1 10-15: 1 
Type of gear... Parallel shaft side pinion Epicyclic planetary Parallel shaft side pinion Epicyclic planetary 
Weight in Ib Pm ad 6500 900 7300 1900 
Weight in Ib. of largest component to be 3400 400 4300 750 

handled 
Component Pinion Wheel Sun planet Annulus Pinion Wheel Sun planet Annulus 

Alloy case harden- Alloy case harden- 
23-3} per cent} Carbon steel, | ing or nitriding Alloy or 2¢-3j per cent! Carbon steel, | ing or nitriding Alloy or 
Materials ... nickel steel, | 31-35 tons per | steel, 65 tons per| carbon steel nickel steel, | 31-35 tons " steel, 65 tons per; carbon steel 
40-45 tons per | sq in U.T.S. sq in minimum | 55-65 tons per 40-45 tons per| sq.in U.T.S. | sqin minimum | 55-65 tons as 
sq in U.T.S. U.T.S. sq in U.T.S. sq in U.T.S. U.T.B. sq in U.T.S. 
Brinell number 175 to 205 135 to 161 630 after case 250 to 295 175 to 205 136 to 151 630 after case 250 to 295 
hardening hardening 

| P(R+l a 
K= F(*#*) (see note below) 80 250 85 85 450 49 
Face width, in 2x8 2x 3-375 2x 4-625 2x2-5 
Cireular pitch, in 0-589 0-452 0-465 0-452 
Pitch circle diameter, in 8:44 33-54 ee BE. 15 5-02 50-98 1-97 8-01 | 18-0 
Relative pitch line velocity in ft per sec. 221 98 153 55 
Maximum bearing pressure in lb per sq 106 450 133 300. 

in 
Losses in horsepower : 

Bearing... 1. sos sss 78 23 23 7 

Tee «cis hak! > vey. 408 eek een 400 27 21 11 10 
Efficiency ae see) er ye mee er 96 98-2 97 98-5 














* In the table we have omitted, for brevity, three other examples of applications. 


P 
K= H(ES*) for two external wheels in contact. 
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lower weight, higher efficiency, lower pitch line 
velocity, coaxial arrangement of driving and 
driven shafts. 


Fururr TrEenps 

Reciprocating engines for larger powers have 
generally been operated at speeds which allow 
direct drive to the propeller shaft, but for 
smaller powers elecuat combustion engines run 
at speeds which demand the incorporation of 
gearing between the engine and propeller shaft. 
The unidirectional engine necessitates the use of 
& reversing mechanism and it is here that 
epicyclic gears offer a solution. Whilst epicy clic 
gears have been employed regularly for small 
craft, there has been a reluctance to use them 
for higher powers. The tendency to build oil 
engines developing up to 2000 h.p. at speeds 
well in excess of propeller speed will bring to 
the fore the use of reversing epicyclic gears. 

The inéreasing use of high-speed, high- 
efficiency steam turbines and the continual 
development of gas turbines for main pro- 
pulsion units demand an efficient and reliable 
form of reverse reduction gear. An epicyclic 
gear would assist greatly towards achieving the 
maximum possible efficiency in such installa- 


) for an external and internal wheel in contact. 


Where P=load in lb per inch of face width 


d=pitch circle diameter of 
R=ratio of the speeds of the two wheels in contact 


the output shaft of this train is connected to 
the sun wheel of the second train. 

When going ahead the brake drum of the 
third train is held stationary, when the second 
train operates as a planetary unit and the third 
as a solar. When going astern the brake of 
the third train is released and that of the second 
train applied, causing the second train to 
operate as a star gear and the third as @ 
planetary. The difference in rotation is obtained, 
therefore, by changing the character of the 
second train. 

Designed on a very conservative rating, the 
total weight of this reverse reduction gear, 
including a hydraulic braking system and 
control equipment, Michell thrust block and 
gearcase, is estimated to be about 35 tons and 
the space required is approximately 12ft long 
by 9ft diameter. 

A Pametrada proposal which was illustrated 
in T. W. F. Brown’s paper (see references, 
p. 416) is re uced in Fig. 7 by permission of 
the North- Coast Institution of Engineers 
and Shipbuilders. This gear is also for 10,000 
s.h.p., 4500 r.p.m. to 120 r.p.m. ahead and to 
110 r.p.m. astern. The weight is estimated to 
be about 20 tons, including the hydraulic 


llest wheel in train 





the planet carrier of the reduction train in the 
desired direction. For the astern condition the 
ahead brake is released and the astern brake 
applied. The second part of the compound 
planet train now operatés as a planetary unit, 
the single planets acting as idler wheels to 
achieve the reverse rotation while the first 
part of the compound planets, the first annulus 
and its brake drum idle. 

These examples are two of the many con- 
figurations of epicyclic gears which could be 
used to satisfy reverse reduction requirements 
for single or tandem turbines. The many 
mechanical problems in reversing gears of such 
powers would need considerable development, 
but there is every reason to believe that they 
could be solved. 

Another manner in which the “in-line” 
property of epicyclic gears could be utilised is 
by installing the final stage of 4 propulsion 
gear as a self-contained epicyclic unit in the 
shaft tunnel adjacent to the stern gland. By 
this means the intermediate shafting could be 
run at a speed considerably higher than that of 
the propeller, thus allowing a reduction of inter- 
mediate shaft diameter and weight.’ 

An attractive overall arrangement of pro- 
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pulsion machinery could be achieved by the 
combined use of epicyclic and parallel shaft 
gears. The epicyclic gear could be used either 
as a first or second reduction. It is often 
desirable to reduce the weight and space taken 
up by machinery and this can be assisted in 
many instances by the incorporation of epicyclic 
gears either as speed reducing or increasing 
units. Other applications include winches, 
forced or induced draught fans and blowers, 
refrigerating gas compressors, oil engine super- 
chargers and turning gear for main engines. 
Consideration could also be given to a further 
standardisation of motor sizes and speeds with 
the help of compact speed increasing or reducing 
gears to meet the wide range of auxiliary speeds 
needed. This would result in a substantial 
saving in electrical spares. 


CONCLUSION 


Striking developments have taken place in 

all forms of gearing due to the scientific approach 
which has been made to the design and manufac- 
turing techniques involved. The authors feel 
that too little attention has been given to the 
effects of applying these developments to the 
epicyclic forms of gearing and an attempt has 
been made to remedy this omission by bringing 
to the notice of marine engineers some of the 
possibilities of present-day and future epicyclic 
gears. 
Successful experience shows that such gearing 
satisfies the marine engineer’s first and foremost 
requirement of reliability. Its compactness 
offers great advantages by its adoption in a 
wider variety of applications for higher powers 
than have so far received consideration. 

It is the conviction of the authors that with 
determined development large-powered re- 
versing gears will in the future become very 
serious competitors to the much larger and 
heavier straight reduction parallel shaft gears 
which are now in general use for main pro- 
pulsion. 
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Wortp PetroLteum Coneress.—The permanent 
council of the World Petroleum Congress at a recent 
meeting in Paris assigned the Fourth World Petro- 
leum Congress to Italy and it will probably be held 
in Rome during the last week in May and the first 
in June, 1955. 
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Unattended High Power 
Radio Transmitter 


WE learn from the B.B.C. that the new high- 
power (150kW) Third Programme transmitter 
at Daventry, which came into service in April 
last year on 464m, has been working unattended 
since January 13th: it is the first high-power 
transmitter to be operated by remote control. 
The B.B.C. has been operating several low- 
power stations in this way for some time past, 
but the unattended operation of high-power 
equipment is a much more difficult matter, and 
its solution represents an important step towards 
easing the present-day shortage of skilled man- 

wer. Normally, at least two engineers per 
shift would be needed to operate a high-power 
broadcasting transmitter, but, by effecting the 
remote control of the station from a point which 
must: be staffed, the trained technical staff 
normally in local attendance can be released 
for duties elsewhere. The remote control 
system being used has been jointly developed 
by B.B.C. and by Marconi’s Wireless Telegraph 
Company, Ltd., the manufacturers of the 
transmitter. 

The new transmitter, which is capable of a 
full output’ of 200kW, is operated with a 
maximum power of 150kW, to conform with the 
Copenhagen Plan. It was originally designed 
by the manufacturer to be suitable for remote 
operation over long distances, and tests have 
.proceeded while it has been in service—initially 
as a manned station. The transmitter is built 
as two identical units, the outputs of which 
are combined in a specially designed circuit so 
arranged that no transference of power takes 
place between the two sections; this circuit 
was designed and constructed by the company 
to B.B.C. specification. The task of applying 
the various power supplies to the transmitter 
is carried out automatically in the correct 
order and at the appropriate time intervals, 
by the action of a single “start” button at 
the remote control point. The operation of 
this “start” button, situated in the main 
building, brings on the air blowers for cooling 
the valves, followed by the valve filaments, 
and other supplies in their correct sequence, 
until, with the application of the main h.t. 
supply, both halves of the transmitter are 
working. 

This sequence of events is initiated and con- 
trolled by a series of relays, a system of inter- 
locks being incorporated to ensure that, not 
only are the supplies and services applied in 
the correct order, but any fault or failure of 
supply will arrest the progress of the operation. 
As each operation is completed a lamp on an 
indicator panel in the transmitter building is 
illuminated. On manual operation this serves 
to show the engineers how far the chain is 
completed. It also serves as a useful guide for 
locating faults when the station is on remote 
control; thus, if the transmitter shuts down 
and an engineer is sent to remedy the fault, he 
will look at the indicator panel and see that, 
for example, the auxiliary and main h.t. lamps 
are out. He will then check the auxiliary h.t. 
supply and associated circuits, since the 
indicator panel will show that the previous 
sections are in order. 

When all the operations have been completed 
and the transmitter is on the air, indicator 
lamps at the remote points are illuminated. If 
these lamps fail to light within approximately 
two minutes of the operation of the “start” 
button, the engineer at the remote point knows 
that some fault has developed which needs 
investigation. 

Two specially designed automatic monitors 
developed by the designs department of the 
B.B.C. are arranged so that one continuously 
monitors each half of the transmitter. In the 
event of the automatic monitor on either half 
“ noticing ” a programme fault it automatically 
shuts down that half of the transmitter with 
which it is associated. At the same time, to 
prevent a complete shut-down of the station 
as the result of a comparatively minor fault, 
the monitor on the faulty unit removes the 
shut-down control from its counterpart on the 
healthy section, substituting .an alarm circuit. 
A third automatic monitor checks the trans- 
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mission from the aerial. To prevent the seryigg 
being interrupted through a failure of the 
monitor itself, an ingenious arrangement jg 
incorporated which enables it, if a’ programme 
fault is suspected, to ensure that its ow 
circuits are functioning correctly before shutti 
down the transmitter. 

Since the monitor operates by compari 
the programme as received with the programme 
as radiated, it is essential that a momen 
shut down of the transmitter due, say, to the 
operation of the lightning protection gear, shal] 
not be regarded as a programme fault. The 
automatic protection of the transmitter itgelf 
incorporates a number of devices which, on 
the occurrence of a fault, will remove the main 
h.t., wait a few seconds and then restore it, 
If the fault. persists the main h.t. is 
removed and restored. After the third at 
the transmitter automatically closes down and 
gives an alarm. During the three attempts to 
restore normal conditions the operation of the 
monitor is automatically suppressed. In the 
event of the breaks in programme being due to 
some other cause, however, the suppression 
would not take place and the monitor itself 
would close down the transmitter. 

It is fitting that this important development 
should be made at Daventry, with its long 
history of pioneering work in broadcast engi. 
neering: for it was from Daventry over 
twenty-six years ago, that the first high-power, 
long-wave broadcasting transmitter in the 
world (5X X) went into service. 





An A.C, Solenoid 


Ovr illustration shows one of a range of 
four a.c. solenoids manufactured by Westool, 
Ltd., St. Helen’s, Auckland, Co. Durham, 
The solenoid illustrated (model 1) produces a 
pull, while the other solenoids (models 2, 3 
and 4) produce a thrust. For each solenoid 
there are five alternative ratings with different 
“on-off ”’ ratios and producing forces of 10 lb, 
20Ib, 301lb, 40lb and 501b respectively, 
over a range of about 0-5in to 1-75in stroke, 





AN A.C. SOLENOID 


When working against gravity the useful force 
is reduced by 2} lb in the case of model 1 and 
32 lb in the remaining models. 

As shown in our illustration, the solenoid is 
assembled in an enclosed frame, with removable 
inspection cover and conduit entry for the 
wiring. Standard windings are available to 
suit eight single-phase voltage ranges from 
190-210V to 500-550V at 50 c/s. The maximum 
stroke is 1#in and the pole faces are accurately 
ground to reduce noise. Excluding the plunger 
itself the overall dimensions of the solenoid 
frame are 5}in wide, 5}in deep, and 4}in from 
front to back, the total weight of model 1 being 
about 15 Ib and of the others 16 lb. ..Four sets 
ef four tapped holes °/,,in diameter provide 
universal mounting. 
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Electronic Telephone 
Exchanges* 
By T. H. FLOWERS, M.B.E., B.S8c., M.I.E.E.f 
INTRODUCTION 


A TELEPHONE exchange is primarily a switch, 
which is itself an aggregate of switches, for the 
interconnection of transmission circuits entering 
it, One feature common to all existing exchange 

ms is that the transmission circuits are 
terminated on switches including metal contacts 
which are mechanically closed as required 
through the agency of a control system. The 
mechanical movement is produced by electro- 
magnetic attraction of an iron armature which 
rates through a link system or motor 
mechanism to bring the contacts together. The 
control systems are built up largely of the same 
kind of switches, although other switching 
devices, such as rectifiers and gas discharge 
tubes are being used increasingly. 

Switches which rely for their action on mech- 
anical movement of metal contacts are subject 
to wear of the mechanical parts, wear of the 
contacts if any appreciable sliding motion of one 
contact over another takes place, erosion of the 
contacts due to current passed through them, 
and particularly by current broken by them, 
and @ degree of uncertainty in the electrical 
contacting due to surface films and dust col- 
lected from the atmosphere. Such exchanges 
thus need @ certain amount of continuous main- 
tenance and are subject to some degree of faulty 
ion. The art of automatic 
telephone exchange systems is largely that of 
minimising the defects enumerated without 

increasing the cost of the apparatus, and the 
achievements in direction have been 
remarkable. It has realised for a number 
of years, however, that there are switching 
devices, such as vacuum valves, gas discharge 
tubes and rectifiers—collectively referred to as 
electronic switches—which, having no mech- 
anical movement or contacting surfaces ex- 
posed to the atmosphere, are from. diffi- 
culties due to these causes. They have their 
own peculiar difficulties, but engineers in many 
countries have naturally asked whether auto- 
matic exc ean be constructed economic- 
ally entirely of such devices and, if so, whether 
further progress towards increased reliability 
and reduced capital and maintenance costs of 
telephone exchanges is more likely to be 
achieved by such means than by further develop- 
ments of electro etic switches. Recent 
work in Britain indicates that fully electronic 
systems which may possibly compete with 
electromagnetic systems in cost and reliability 
can be produced, but the economics and 
reliability of such have yet to be 
proved. Publication of other work in this and 
other countries is as yet limited to a few 
patents, a selection of which is given in the 
references. These disclosures do little more 
than suggest specific solutions to the general 
problem. 

The paper describes the first steps which were 
taken in a research organisation confronted 
with the problems of determining what practical 
forms electronic exchanges might take, which 
of these forms was likely to be the most 
economical and reliable, and how this 
form might compete with existing electro- 
magnetic systems. This approach is thought to 
be consistent with the present state of the art 
and preferable to describing any one particular 
system. 

The problem of the form an electronic ex- 
change might take is not adequately solved 
simply by the substitution of electronic switches 
for electro hanical ones in existing systems. 
An electromagnetic switch is a mechanism 
which closes metal contacts having character- 
istics which, in joining two circuits together, 
are quite different from those of an electronic 
device such as a valve or rectifier performing the 
same function. Moreover, the greater operating 
speed of electronic switches makes possible 
switching systems which are impracticable with 
slower-operating electromagnetic switches. 
The design of electronic exchanges should there- 
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fore be approached by way of basic principles 
rather than analogy with existing exchanges. — 

(The author then described various forms of 
connector switches and typical subscribers’ 
line equipment and outlined the general prin- 
ciples of selection systems with examples of 
group and free circuit marking and of a post- 
setting-up control circuit.] 

It is perhaps opportune here to define what 
is meant by an electronic exchange. Parts of 
existing electro-mechanical systems may be 
replaced by electronic devices and units, but 
this would not make them into electronic 
exchanges. On the other hand, exchanges 
which are otherwise completely electronic are 
very likely to have mechanical subscribers’ 
meters and to be controlled by mechanical 
dials; they are not therefore completely elec- 
tronic, but are certainly intended to be covered 
by the term “electronic.” Any-definition of 
the term is therefore bound to be arbitrary to 
some degree, and in this spirit it is suggested 
as a practical definition that an exchange is 
electronic if the connector switches are 
electronic. 

The philosophy of the paper is that any auto- 
matic exchange can be divided into parts, 
namely, connector switches, selection system, 
register senders and register translator senders, 
and post-setting-up control units. This division 
is certainly applicable to existing systems. It 
might be thought possible to produce some elec- 
tronic structure so novel as to invalidate 
analysis based on known systems, but no such 
possibility is known to the author. 


Errect or ELECTRONIC EXCHANGES ON TRANS- 
MISSION NETWORKS 

A complete telephone system is a compli- 
cated network of transmission lines inter- 
connected by the exchanges in innumerable 
combinations as demanded’ by the users of the 
system. The, problems of connecting lines 
together by exchange switches with metal con- 
tacts having substantially no effect on the 
transmission are well understood. They include 
the effects of overall loss and the variation of 
overall loss of the lines with time, reflections 
due to mismatch of lines connected together, 
attenuation and non-linear distortion. The out- 
come is a practice of line construction and main- 
tenance which provides a satisfactory standard 
of transmission at the minimum cost for the 
prevailing conditions. Electronic exchanges 
would make no difference to the fundamental 
problems or the principles of planning the 
system, but might compel or at least encourage 
changes in practice. 

The transmission through electronic exchange 
switches introduces extra possibilities of overall 
loss and variation of overall loss, of reflections 
and distortions. To that extent the problem 
is made more difficult and its solution in conse- 
quence less satisfactory. There are, however, 
more than compensating advantages to be 
gained. Connector switches which include 
one-way amplifiers in their transmission paths 
must provide four-wire transmission through 
the switches ; the amplifier gains will usually 
be such as to make the losses through the 
switches zero. There will, however, be a varia- 
tion of the overall loss which has to be taken 
into account; but, in general, this will be 
more than offset by the greater gain which can 
be employed in line repeaters because of the 
four-wire switching. In addition, a subscriber’s 
line connected to four-wire switches including 
amplifiers in the four-wire channels is presented 
with a termination at the exchange which does 
not vary with the connections made. Side-tone 
balance at the instruments may then be 
improved, with a corresponding improvement 
in transmission. 

Network planning tends at present to avoid 
amplifiers in local junctions at the expense of 
copper in the transmission circuits. In elec- 
tronic exchanges with amplifiers available as a 
matter of course the tendency should be 
reversed, with a resultant saving in the cost of 
junction plant. For those systems which pro- 
vide four-wire switching in all exchanges the 

ter gain thus possible in the line amplifiers 


oo - 
should result in still further savings in junction 
and particularly in exchange line plant. Finally, 
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frequeney division and time division exchange 
switches offer opportunities for carrying these 
types of transmission into local and short- 
junction networks as parts of an in ted 
transmission and switching system. It is not 
difficult to visualise, for example, the present 
unattended automatic exchanges being replaced 
by multiplex terminals connected by coaxial 
cable to a larger exchange in which is located all 
the switching for an area of considerable size. 
The paper can do no more than draw attention 
to the possibilities and emphasise that the 
economics of electronic exchanges is not merely 
the production of exchanges which cost no more 
than electro-mechanical exchanges. 


ELectronic ExcHancEe Costs 


There is little in the way of similar apparatus 
in production to give a guide to the capital cost 
of electronic exchange equipment in bulk pro- 
duction. However, from several points of view 
one might reasonably expect that equipment 
to be much less expensive than electro-mech- 
anical equipment of any sort. The number of 
parts required is a mere fraction of that required 
by the Strowger system, which is as cheap as 
any other known electro-mechanical systera. 
Mass production of the parts is thereby facili- 
tated, and the costs of storage, handling and 
stock provision are greatly reduced. Tooling 
is greatly reduced, as is also the need for main- 
taining stocks of tools for obsolescent designs. 
New designs are quickly built up from the few 
standard parts, so that development costs 
should be small. It is, however, impossible to 
hazard a guess as to the ultimate cost, as it is 
almost certain that future work will bring 
simplification of circuit techniques and com- 
ponents. 

Capital costs are recovered over the life of an 
exchange. The character of the exchange 
apparatus involved in the two cases suggests 
that electronic exchanges may have a longer 
economical life than electro-mechanical ex- 
changes, resulting in a lower annual charge for 
any given initial expenditure. 

No new system would be adopted for replacing 
existing systems unless the labour absorbed in 
running and maintaining the new exchanges 
was less than that of their present counterparts. 
In electronic exchanges there would be nothing 
corresponding to mechanical adjustments and 
very little to clean. Labour would thus be 
limited to fault finding and replacement of fealty 
parts, which should be largely limited to hot- 
cathode valves. The number of such valves in 
a 10,000-line exchange may eventually be as 
low as 20,000, and with this number failures 
would occur at an average rate of some fifty per 
day if they had an average life of one year each. 
The cost of replacement and the effect on 
service would in these circumstances be pro- 
hibitive. At least a five-year life is a necessity, 
and there is good reason to think that this and 
more can be achieved. It is too early for the 
author to assess the possible effects of transitor 
development on this and other questions. With 
a modern and largely automatic fault-finding 
system maintenance should be largely a matter 
of fault analysis by a small highly trained end 
centralised body of men, and fault clearing a 
matter of changing small units. For these 
reasons it is not expected that the labour 
required would be anything like as much as is 
expended in the present exchanges. 

The power absorbed by electronic exchanges 
may be expected to be a constant load due to 
the continuous current drawn by hot-cathode 
valves, plus a smaller load proportional to the 
traffic carried. Hot-cathode valves should be 
most numerous in multiplex type exchanges, 
where each subscriber and junction line has one 
valve. At an estimated power of 3W per line 
25kWh per annum is consumed for each line. 
The cost of this is only a small fraction of the 
total cost of telephone exchange service. A 
similar number of hot-cathode valves in the 
rest of a 10,000-line exchange would involve a 
total of about 60kW of continuous load plus an 
additional load proportional to the traffic. The 
importance of this expenditure of power is 
probably not so much its cost as how to lose it 
as heat. However, any estimate regarding 
power requirements of electronic exchanges may 
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very possibly be invalidated by valve and other 
developments in the next few years. The ulti- 
mate requirements are regarded as inde- 
terminate. 


SERVICE GIVEN BY AN ELEcTRONIO SysTEM 

The term “ service ” includes facilities, trans- 
mission and reliability as experienced by the 
subscriber. So far as facilities are concerned, 
there is no reason to think that there is any 
fundamental difference between electronic and 
electro-mechanical switching. Any facility 
which can be provided by one kind of system 
could also be provided by the other. Any 
advantage which electronic switching might 
have in this respect would result from making 
a clean start with a new system. 

The speed of operation of electronic switches 
should result in local calls being connected 
immediately the final digit is signalled by the 
subscriber. On the longest national call 
switched through exchanges, all of which were 
electronic, the delay following the signalling 
of the final digit would be mostly determined 
by the rate at which number information could 
be passed on from exchange to exchange, and 
might reach three seconds. The quicker con- 
nection times can be ed as a service 
improvement, although modern designs of 
electro-mechanical systems could achieve nearly 
as much. 

If transmission is measured in terms of 
linearity and variation of gain through the 
switches, mechanical contacts, so long as they 
make good contact, are always better for trans- 
mission purposes than electronic switches. In 
electronic exchanges which provide four-wire 
transmission, even in the local exchanges better 
overall transmission can be given than is pro- 
vided by the existing system, despite the varia- 
tion of loss through the exchanges. Connec- 
tions made through existing types of exchange 
are occasionally subject to noise which causes 
a good deal of annoyance to subscribers. The 
cause of the noise is most often unsoldered 
joints, either intentional—e.g., wiper and 
bank contacts and relay contactse—or unin- 
tentional—i.e., dry joints. In electronic ex- 
changes there need be no intentionally 
unsoldered joints; plugs and jacks should be 
avoided, except perhaps for power connections 
where they are not likely to do any harm ; 
valves should also be soldered in to avoid the 
troublesome pin-and-holder unsoldered joint. 
The problem of dry joints is being successfully 
solved. Noisy connections through elec- 
tronic exchanges should thus be rare, but elec- 
tronic exchanges may have as yet unsuspected 
or so far unexperienced sources of noise. Poor 
insulation between heater and cathode of a 
valve could produce an unpleasant level of 
noise without giving a detectable fault. Hence, 
only experience can finally decide the question. 

At present reliability is perhaps the most 
controversial aspect of the subject of electronic 
exchanges. Whether this type of ex 
can be made inherently more reliable than the 
best electro-mechanical exchanges is a question 
which only time will determine with certainty, 
but there are reasons for thinking that it will 
be so. 

All systems are designed and manufactured 
to limits which if satisfied will guarantee reliable 
service. Defective service is largely related to 
the opportunities for the apparatus not to be 
within design limits and the extent to which 
inspection and test can discover the defects. 
With electronic apparatus each component, 
once made, is thereafter incapable of being 
adjusted. The number and character of the 
components are such that every one can be 
measured for its essential eharacteristics as 
precisely as may be required. These character- 
istics are electrical quantities directly related to 
the performance of the part in the system, and 
they are not affected by assembly, wiring, 
shipping and installation on site. With electro- 
mechanical equipment the conditions are not 
so favourable. The characteristics of mech- 
anical parts cannot be so accurately specified 
or measured in terms of performance in the 
system as those of electronic apparatus. The 
parts are so numerous that sampling is more 
often used than the testing of every individual 
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item. Many hand adjustments have to be 
made, the quality of which depends on the skill 
of the adjuster and the vigilance of the man 
who makes the subsequent inspection. There 
remains the application of functional and other 
tests to detect faulty apparatus, but the effi- 
ciency of such tests is limited. The relay spring 
which has too little lift to ensure good contact 
is not readily detected by any externally applied 
test. Similarly, the pivot or hinge which is too 
tight or too loose is not easily detected until it 
gives trouble; what is worse, it may interfere 
with the proper functioning of the equipment for 
a long time until the trouble becomes apparent 
enough for detection. It is not suggested that 
electro-mechanical exchanges cannot be manu- 
factured and maintained to give good service, 
but it is that those conditions which 
can account for the small proportion of defective 
calls which occur on such systems may be 
largely absent in electronic exchanges. It may 
prove that electronic apparatus has peculiar 
sources of unreliability. What are sometimes 
referred to as catastrophic failures, e.g., valve 
heater disconnections in electronic apparatus 
and loose and broken parts in mechanical 
apparatus, are at present more likely in elec- 
tronic than in electro-mechanical apparatus, 
and the deterioration of rectifiers and other 
electronic apparatus over periods as long as 
thirty or forty years is still to some extent an 
unknown quantity. Experience will show 
where the weaknesses lie, but at this early 
stage there is every reason to think that they 
can eventually be overcome. 


ConcLUSION 


It is hoped that sufficient outline has been 
given of some possible forms of electronic auto- 
matic telephone exchange to convince engineers 
that it is only a matter of time before such 
exchanges will be produced in a form suitable 
for service in any size of network. Whether 
electronic exchanges will have, relative to the 
best electro-mechanical exchanges which can be 
produced, some or all of the attributes of greater 
reliability and less capital and maintenance 
costs is not so certain, but there is encouraging 
enough evidence in these directions to justify 
proceeding with the development of such 
exchanges. The consequential possibilities in 
transmission network design and construction 
are such as to justify electronic exchange 
development even if the other signs were not so 
propitious. 
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Rerrery Procress.—A new catalytic process, 
for the removal of sulphur from oil during refining, 
has been developed by the Anglo-Iranian Oil 
Company. Known as “ Autofining,’” the desul- 
phurisation process operates at low pressure and 
catalyst regenerations are infrequent while hydro- 
gen manufacturing facilities are not required 
At the Llandarcy refinery of the company a unit 
producing high-grade kerosene is now e nically 
controlled, the instruments being used for the 
control of flow, pressure and level. 
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A Fish-Indicating Echo 
Sounder 


THE photographs reproduced herewith show 
the “ Fischlupe,” which is an echo sounder 
designed to indicate the presence of shoals of 
fish. This instrument has been developed by a 
German firm, Electroacoustic G.m.b.H., ang 
sole rights for the United Kingdor 1 and 
Commonwealth countries have been acquired 
by the Marconi International Marine Com. 
munication Company, Ltd. 

The “Fischlupe” (literally, “fish lens”) 
employs the same basic principle cs the 
“ Echometer,” which sends out sound signals, 
receivés the reflected pulses from the seca bed 
or from intervening fish shoals, and measures 
the time interval between the outgoing signals 
and their “echo.” But, whereas previous 
instruments presented their soundings in the 
form of a paper record or a light flash against 





FITTING OF * FISCHLUPE’’ TRANSMITTER UNIT 


a@ graduated scale, the information produced 
by the “ Fischlupe”’ is displayed on a cathode- 
ray tube, as in radar. 

The “ Fischlupe ”’ has a maximum indicating 
depth of 300 fathoms, and employs two 
oscillators, one for transmission and one for 
reception of the transmitted high-frequency 
sound pulses. The oscillators are small and 
are fitted flush with the shell plating, as shown 
in our first illustration. Besides the 
indicator, which is shown in the second illus- 
tration, the equipment consists of a rotary 
converter, a pulse generator unit, and a control 
unit. 

The operation of the equipment is simple. 
The main lift control is set to ‘survey’ 
position and the equipment switched on. The 
face of the cathode-ray tube then shows 4 
vertical line of light representing the full range 
of 300 fathoms, with horizontal deflections 
occurring at the depths representing the sea bed 
and any intervening fish which may be present. 
Adjustment of the sensitivity control clarifies 
these deflections. The main lift control is then 
rotated clockwise until the top of the horizontal 
deflection indicating the sea bed is brought into 
line with a horizontal red mark on the tube 
face. When this is done the reading on the 
scale shows the true depth. 

If fish are observed, the lift control knob is 
again turned clockwise, when the instrument 
becomes focused upon a 45ft vertical section 
of the sounding. The diameter of the tube 
face now represents 45ft instead of 300 fathoms 
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asin the ‘‘ survey ” position, and fish indications 
which previously occupied only a small portion 
of the vertical line are distributed over the whole 
length of the line. 

As tho lift control is-rotated further, the 
juminous echoes on the screen move upwards, 
almost giving the impression that the observer 
ig in a diving bell, scanning the water through 
which he is descending. When the shoal 
indication is in position on the face of the tube, 


THE ** FISCHLUPE’’ FISH INDICATOR 


the depth, accurate to within about a foot, 
can be read from the scale under the sector- 
shaped window below the screen, and if the 
shoal should rise or descend, its movements 
can be followed by adjustment of the lift control. 
Although the “ Fischlupe ”’.can also be used 
for normal echo sounding, its principal function 
is fish indicating, and it is best installed as a 
complementary instrument to the Marconi 
marine “Seagraph” or “Seavisa.” Fitted 
in a suitable position in the wheelhouse, the 
“Seagraph ”’ and “ Fischlupe”’ between them 
provide permanent indication of soundings 
and a “close-up ” of fish indications—a useful 
combination for fishing vessels of all classes. 


——_——_o—___——_ 


New Signalbox at Stafford 


We have received from the London Midland 
Region of British Railways particulars of the 
new “ No. 5 signalbox ” which is shortly to be 
put into service at Stafford on the main line 
between Euston and Crewe. This box has been 
built opposite the existing box and it will con- 
trol the up and down fast and slow lines at the 
north end of the station, and the junctions 
between these lines and those to Wellington and 
Stafford Common. Stafford is an important 
junction, as at the south end of the station the 
direct rail connection between the Birmingham 
area and the north joins the main line. 

One of the reasons for building the new box 
is that the lever frame of 123 levers in the exist- 
ing signalbox has become uneconomical to main- 
tain, and it could not have been altered to 
operate the remodelled permanent way layout, 
which had been designed to give better opera- 
tional facilities, and is being laid in flat bottom 
rail. The operating floor of the existing signal- 
box is set some 23ft above rail level, largely to 
give the signalman a view of the line on the 
north side of the signalbox over an adjoining 
overbridge. With this arrangement, however, 
the signalman cannot readily see trains passing 
the signalbox during bad visibility. Although 
the operating floor of the new signalbox is only 
12ft 6in above ground level, the installation of 
track circuits and the latest electrical controls 
will more than compensate for any loss of visi- 
bility during clear weather. 

Colour light running signals have been 
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LEVER FRAME IN 


installed on the main lines in the area to be con- 
trolled by the new signalbox, and they form the 
first part of a complete multiple aspect colour 
light signalling system which will improve 
traffic working through Stafford generally. 

The new mechanical lever frame, which has 
already been installed in the new signalbox, is 
shown in the illustration reproduced above. 
It has 150 levers, and is of the normal L.M.R. 
pattern with catch handle locking, and is 

for mounting directly on the operating 
floor, with the counter-balance arrangements 
and electric lever locks below. All the points, 
&c., will be mechanically operated, as will the 
ground signals provided for shunting purposes. 

Single arm ground signals are used through- 
out the system, with stencil letter indicators 
where it is necessary to give an indication of 
the route which has been set up. Two such 
signals, one in the up fast and one in the up 
slow line opposite the new signalbox, will be 
passed in the facing direction by all trains. 
These signals precede the relevant colour light 
running signals which have been positioned 
further away, in order to maintain a reasonable 
signal to signal distance. 

The colour light running signals are provided 
with junction indicators and position light sub- 
sidiary signals as required, except on the 
down slow line and the down platform line, 
which connects with the down fast line. Theatre 
route indicators have been installed here, as the 
speed of trains is limited. The junction indicators 
will also display the route for the subsidiary 
signal, and this is the first London Midland 
scheme which has been so arranged. Pre- 
viously stencil letter indicators were provided 
specially for this purpose in addition to the 
junction indicators. Owing to the limited num- 
ber of routes concerned, no selection has been 
employed for the running signals and separate 
levers have been used for each route. 

Duplicate illuminated di are carried 
on the block shelf, which will have the signal 
repeaters mounted on the face, immediately 
over the lever concerned. All the other train 
signalling instruments will be mounted on this 
block shelf, but the usual block telegraph needles 
will be replaced by red and green lamps for 
** Train on line ” and “ Line clear ” respectively. 

The lever frame is mounted in the new signal- 
box on the side away from the running lines, so 
that the signalmen will have a clear view 
through the wide windows, and the concrete roaf 
is extended to form a canopy which protects 
the windows from glare and driving rain. 


STAFFORD No. 5 SIGNALBOX 


A 10-Ton Capacity Pneumatic 


Hoist 

WE have received from the Globe Pneumatic 
Engineering Company, Ltd., of 58, Victoria 
Street, S.W.1, particulars of a pneumatic motor 
hoist of 10 tons capacity, built at its Chadwell 
Heath works for installation by Foster Wheeler, 
Ltd., at the Shell Refinery at Stanlow. This 
unit, thought to be the largest air-operated 
hoist of its kind made in this country, operates 
on compressed air at 80/100 lb per square inch, 
and has a lift height of 60ft. When operating 
on air at 100 lb per square inch its consumption 
is about 200 cubic feet of free air per minute. 
Its design is such that its mechanism is in no 
way damaged should it be stalled due to acci- 
dental overloading or similar misuse. 

We reproduce a photograph of the «hoist 
together with a drawing which shows the 
arrangement of its mechanism. Power is 
supplied by a four-cylinder, 5 h.p., radial 
pneumatic motor, to which the air supply is 





Hoist 


10-TON PNEUMATIC MOTOR 
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controlled by a sensitive valve. This 
valve is operated through hand chains from floor 
level and it automatically centres to the neutral 
position when the control chains are released. 
From the air motor drive is transmitted to a 
grooved rope drum through compound double 
epicyclic reduction gearing having a ratio of 
200 to 1 and running in a totally enclosed oil 
bath. 

An air-operated brake fitted to the hoist is 
designed to hold the load in any position regard- 
less of the air supply. This brake is based upon 
a 7}in diameter Borg and Beck clutch, the 
plate of which is keyed to the engine shaft. 
The brake is operated by a built-in, single- 
acting air cylinder which is released by air 
pressure immediately the main throttle valve 
of the hoist is operated by the control chains. 
During tests on the hoist the brake arrested and 
held the 15-ton test load when it was being 
lowered at full speed. 

A 26in diameter grooved rope drum of high- 
duty cast iron is mounted on self-aligning ball 
bearings fitted with spring-loaded oil seals. 





PNEUMATIC HOIST MECHANISM 


The main frame of the hoist and the sheave are 
of fabricated mild steel. A bronze guide shoe 
which leads the rope on to the drum actuates 
through a link a limit switch which cuts out 
the ‘air valve at the extreme lifting position. 
This link from the guide shoe rod limit switch 
to the control valve can be clearly seen in our 
illustrations. 

The steel-framed lift block of the hoist 
carries the lower hook on a heavy-duty thrust 
race which enables easy positioning of a load 
during slinging. Loads are raised on four falls 
of rope and the machine grooved dual rope 
sheaves fitted in the lower block are carried on 
self-aligning ball bearings. 

The complete hoist unit weighs some 2} tons 
and it is mounted on two pairs of roller bearing 
wheels, and at the refinery is carried on a 24in 
by 7}in rolled steel joist. It is traversed along 
this joist by means of an endless hand chain, 
through double reduction gearing fitted to the 
rear pair of trolley wheels. 

The makers state that this type of pneumatic 
hoist and others of smaller capacity are becom- 
ing standard lifting equipment in oil refineries 
and chemical works where rigid and sensitive 
flameproof machines are necessary. 
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PuysitcaL PROPERTIES OF THE NICKEL Iron 
Attoys —The Mond Nickel Company, Ltd., Sunder- 
land House, Curzon Street, London. W.1, has pub- 
lished a useful booklet entitled “The Physical 
Properties of the Nickel Iron Alloys.” It with 
a chapter on the history of the alloys and with 
the constitution of the nickel-iron system, mech- 
anical properties, resistance to corrosion and elec- 
trical characteristies. There follow chapters on the 
properties of the binary alloys and of ternary alloys 
with special expansion properties—including nickel- 


iron-cobalt alloys, glass-to-metal seals, and nickel- 
iron-chromium alloys. A final section covers the 
constant modulus alloys, such as “ Elinvar’’ and 
the “‘ Ni-span ” alloys. 
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South African Engineering 
News 
(By our South African Correspondent) 
Railway Progress During 1950-51 


The report of the General Manager of 
the South African Railways for the year ended 
March 31, 1951, has been published, and, as in 
the past few years, again gives an account of 
traffic conveyed in unprecedented quantities 
and the establishing of more records. The 
report states that in order to cope with the 
exceptional growth of traffic, major improve- 
ment schemes, involving an e@ diture of 
approximately £66,000,000, have been autho- 
rised during the post-war period, and that 
about £27,000,000 has already been spent. 
Approximately £11,500,000 has, in addition, 
been spent on the acquisition of 462 new steam 
and electric engines, and about £7,000,000 and 
£28,500,000 on 606 new passenger and 23,799 
new goods vehicles, respectively. Since 1939- 
40, the number of 
standard gauge trucks 
employed on merchan- 
dise-carrying services 
has been increased from 
47,546 to 72,281, or by 
52 percent. The tariffs 
of the South African 
Railways, it is empha- 
sised, were amongst the 
lowest in the world be- 
fore the war, and have 
not been increased to 
the same extent as has 
been the case in other 
countries. The rates on 
goods traffic are now 
41-9 per cent higher 
than those obtaining in 
1939; by way of com- 
parison, it is revealed 
that the goods rates in 
America, on the Cana- 
dian National Railways, 
and in Great Britain, 
have advanced by 60 per 
cent, 45-2 per cent and 
81 per cent respectively. 
The report gives a brief review of the more 
important new works and improvements on 
open lines authorised during the year. During 
1950-51, altogether £11,535,970 was expended 
on such works, compared with £12,864,586 
during 1949-50. 

Amongst the more important works authorised 
is Johannesburg’s new passenger station. The 
first portion of this station, now in course of 
erection, was officially opened on September 
13th last. It is the fourth station to be erected 
on the same site to cater for the constantly 
expanding railway travel requirements of the 
city. In 1890, “ Park” halt was established, 
followed by “ Park” station in 1894 (com- 
pleted in 1897), and the present station building 
which was commenced in 1926, and completed 
in 1932. 

The final step in the establishment of the new 
goods depot at Prospect to serve Johannesburg 
was completed in June, 1951, when the last 
remaining facilities of the old goods depot at 
Kazerne were transferred to the new depot. 

Electric working over the sections Rand- 
fontein—Welverdiend and Midway—Bank was 
officially introduced in August, 1951, when the 
Minister of Transport took over the controls 
of @ special train from Johannesburg and drove 
it into Welverdiend station. The opening of 
these sections of line will enable traffic to be 
hauled under electric traction from Pretoria, 
as well as from Springs and Welgedacht, to 
Welverdiend. It is significant that the elec- 
trification of these sections is the first major 
electrification project to be embarked upon in 
this country on sections equipped with steel 
sleepers, but, with the adoption of certain anti- 
electrolysis measures, no difficulties are anti- 
cipated. The sections will, in fact, serve as a 
test area in future experiments connected with 
the use of steel] sleepers in electrical working. 

The Grootvlei-Redan line, which was 
formally opened in July, 1951, is 39 miles 44 
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chains in length, and, estimated to cost 
£1,790,802, was built mainly for the Conveyanos 
of coal from the Springfield colliery at Grootyle} 
to the Klip power station at Redan. Tho colliery 
has been estimated to have a life of 47 year, 
and is capable of supplying some 2,250,000 tons 
of coal per year to the power station. 

New records were achieved in the volume 
of traffic conveyed, the year being characterised 
by the complete absence of the ‘‘valley”’ periods, 
at one time a regular feature of railway opera. 
tion in South Africa. Almost all classes of 
traffic contributed to the attainment of these 
results, but the factors that were probably of 
greater influence than any others, were the rapid 
expansion of mining, industrial, manufactur 
and building activities, which had a direct 
bearing on such traffic as coal, and other hag 
minerals, ore, cement and other building mate. 
rials, machinery, merchandise, petrol, fuel oj), 
&c. The total volume of all classes of trai, 
conveyed reached the new record figure of 
62,133,709 tons, representing an increage of 
3,462,025 tons over the previous year. 

Revenue from goods traffic (excluding coal) 
amounted to £57,678,193, being £9,262,095 
more than the preceding year. 

As in past years, agricultural products, 
minerals and ores, and building and fencing 
materials were again the most important ¢om. 
modities conveyed. 


Steel Production 


Thenew works of the South African Iron 
and Steel Industrial Corporation at Vanderhij! 
Park, supplementing the works at Pretoria, are 
now coming into production. By the turn of the 
year, according to the chairman of Iscor, ingot 
production, which, last year was 694,000 tons, is 
expected to reach 1,200,000 tons per annum. 
Counting local production and imports, South 
Africa’s consumption of finished steel last year 
amounted to 1,086,000 tons. If expectations 
are realised, local production (last year 642,000 
tons) of finished steel, will reach a rate of 
1,050,000 tons per annum by the turn of the 
year. This indicates a remarkable development 
both of South Africa’s steel demands and of 
productive efficiency. 

Iscor’s basic prices are considerably lower 
than the landed prices of imported steel on the 
Witwatersrand—the main market—the differ. 
ence ranging from £16 to £76 per ton in favour 
of Iscor products. It is calculated that, in this 
way, Iscor is saving the Union about £18,000,000 
per year, compared with the cost of imported 
steel, and the total saving in foreign exchange 
is put as high as £44,000,000. 

Iscor’s manufacturing and trading profit 
rose by no less than £470,156 last year to 
£2,389,055, and the net profit was £1,868,715. 


The entire capital is now held by the Union § 


Government. 


Hunyani Bridge 


Some 20 miles to the west of Salisbury, 
the Hunyani River has, up to now, been spanned 
by a railway bridge which, on at least one 
oceasion, was almost completely submerged 
during floods. Railway éngineers have recently 
been engaged in‘ erecting a new bridge further 
downstream from the old bridge. Between 
these two points, engineers employed by the 
Salisbury City Council, have built the 
new Hunyani Poort Dam, the waters of which 
will serve the city of Salisbury for many years 
to come. The new railway bridge was opened 
to traffic last year, and work was 
immediately on the dismantling of the old 
bridge and the recovery of track, as the bridge 
piers and railway earthworks will shortly be 
under water when the new reservoir is filled. 

The new bridge and diversion have 
cost more than £210,000. Of this amount, 
about £60,000 was expended on the bridge, 
comprising £49,000 on concrete work and nearly 
£11,000 on steelwork. 

The execution of the scheme presented some 
difficulty, because two cuttings on the diversion 
—each 1300ft long and 30ft deep—had to be 
blasted through rock. The excavation of 
61,000 cubic yards of rock and 170,000 cubic 
yards of earth was also necessary. 
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Industrial and Labour Notes 


Human Relations in Industry 


This week there has been held in 
London, a conference arranged by the Ministry 
of Labour to discuss various factors affecting 
human relations in industry. Approximately 
490 people have been taking part, including 

ntatives of the British Employers’ Con- 
federation, the Trades Union Congress, the 
nationalised industries, the British Institute 
of Management, the Industrial Welfare Society 
and the British Association for Commercial 
and Industrial Education. 
The conference was opened on Tuesday morn- 
by the Minister of Labour, Sir Walter 
Monckton, Q.C., and the first day was devoted 
to the general consideration of papers dealing 
with the opportunity to work, the capacity of 
workers, the wastage of manpower, the will to 
work, and projects sponsored by the Schuster 
panel on the human factors in industry. There 
was also a paper entitled ‘‘ Some Conclusions 
about Human Relations in Industry drawn 
fom the Reports of the Anglo-American 
Productivity Teams,” on which the principal 
speakers were Sir Cuthbert Clegg, president 
of the British Employers’ Confederation, and 
Mr. T. Williamson, a member of the general 
council of the Trades Union Congress. The 
paper itself summarised those parts of the pub- 
lished productivity teams reports which relate 
in particular to the human factor in industry. 
In the paper it was pointed out that con- 
sultation existed almost throughout the Ameri- 
can factory world, and operated at all levels 
from top management to the lowest grade. Such 
consultation in the U.S.A., however, was not 
formalised or regularised by the establishment 
of such joint organisations of representatives of 
managements and workers as were becoming 
more and more common in British industry. 
To American managements and workers, con- 
sultation was a matter of daily practice in the 
normal routine of the shop. The paper went on 
to say that none of the productivity teams con- 
sidered that that approach to consultation was 
less sound or effective than the British approach, 
bearing in mind the industrial organisation and 
policy on both management and labour sides of 
American industry. To that must be added the 
general recognition in America that it was 
management’s job to manage, coupled with the 
pervading belief that if employees participated 
in making a decision, they would carry it out. 
The paper on “‘ Factors Affecting the Oppor- 
tunity to Work ”—the discussion on which was 


opened by Mr. John Marsh, of the Industrial 


Welfare Society—made special reference to the 
employment of older men and women, and that 
on “ Factors Affecting the Capacity of Workers” 
covered such matters as selection, the training 
of young and adult workers, and the training of 
supervisors. The paper on “ Factors Affecting 
the Will to Work ” reviewed the state of joint 
consultation in this country’s industries and 
discussed such subjects as communications in 
industry, and incentives. 

On Wednesday, the conference divided into 
four groups for more detailed discussion of the 
matters presented in the papers. Yesterday, 
the final day of the conference, was devoted to 
the consideration of the reports from those 


groups. 


Coal Production 


Last week coal production in Great 
Britain amounted to 4,631,400 tons, which was 
about 60,000 tons less than in the corresponding 
week of 1951. The amount was made up of 
4,393,400 tons from the deep mines and 
238,000 tons from opencast workings. In the 
first eleven weeks of this year, coal output in 
this country totalled 49,253,700 tons, compared 
with 48,828,600 tons in the corresponding 
period of last year. Coal imports during that 
time were 309,100 tons, against 639,000 tons 
in the comparable weeks of 1951. 


The" latest report from the Ministry of Fuel 
and Power on the coal situation shows that 
colliery manpower continues to rise. In the 
week ended March 8th, there were 709,500 
wage earners on colliery books, of whom 
289,200 were face workers. A year ago man- 
power totalled 701,400. The shifts worked per 
wage earner in the week ended March 8th, 
however, were 5-07, against 5-11 a year earlier, 
and in the same week, the figure for total 
absenteeism was correspondingly higher. Total 
inland consumption of coal in the week ended 
March 8th was 4,339,000 tons—which again was 
less than in the comparable week of 1951—and 
exports and bunkers took up 277,000 tons. At 
the end of the same week, distributed coal 
stocks totalled 13,177,000 tons, compared with 
9,738,000 tons a year earlier. 


Employment and Unemployment 


A report on the employment situation 
in Great Britain, which was issued by the 
Ministry of Labour at the end of last week, 
states that during January the total working 
population increased by 28,000 (all men) and 
at the end of the month was 23,454,000 
(16,035,000 men and 7,419,000 women). Those 
serving in the Forces numbered 859,000, and 
the number of people in civil employment at 
the end of January was 22,203,000 (14,972,000 
men and 7,231,000 women), which was 18,000 
fewer than at the end of December. 

During January there was an overall increase 
of 3000 in the number of people at work in the 
country’s basic industries, bringing the total 
to 4,077,000. The biggest addition in this 
group of industries was in coal-mining, which 
added 7000 to its labour force during January. 
By the end of the month the number of wage 
earners on colliery books was 705,000, com- 
pared with 689,000 at the end of December, 
1950. The total labour forces of the manu- 
facturing industries declined by 2000 in 
January, making the number 8,784,000. Of 
that number, 2,596,000 were employed in the 
industrial group now classified as “‘ engineer- 
ing, metal goods and precision instruments,” to 
the labour force of which there was an addition 
of 10,000 during January. In building and 
contracting 1,409,000 were employed, which 
was 13,000 less than at the end of last year, and 
in “‘ professional, financial and miscellaneous 
services ” there were 3,927,000 people engaged, 
or 6000 more than at the end of December. 

Unemployment figures published by the 
Ministry of Labour show that on February 11th 
393,480 people were registered as out of work, 
which was 14,739 more than on January 14th. 
The February figure included 216,850 men, of 
whom 24,518 were described as temporarily 
stopped. The Ministry estimates that the 
number of persons registered as unemployed on 
February 11th represented 1-9 per cent of the 
total number of employees. It also makes the 
comment that, in the week ended January 26th, 
about 216,000 operatives in the manufacturing 
industries were reported to be on short time, 
losing thirteen hours each on the average ; 
on the other hand, in the same week, 1,158,000 
were reported to be working, on an average, 
7} hours’ overtime. 


A Ports Efficiency Committee 


The Secretary of State for the Co- 
ordination of Transport, Fuel and Power, 
Lord Leathers, announced last week that 
invitations to serve on the Ports Efficiency 
Committee had been accepted by Lord 
Llewellin, who will act as chairman; Sir 
Ernest Murrant, chairman of Furness, Withy 
and Co., Ltd.; Mr. F. A. Pope, a member of the 
British Transport Commission; Sir Douglas 
Ritchie, vice-chairman of the Port of London 
Authority ; Major Roland Thornton, deputy 
chairman of the Mersey Docks and Harbour 
Board ; and Mr. Tom Yates, general secrotary 


of the National Union of Seamen. The secre- 
tary of the committee is Mr. 8. R. Walton, 
Ministry of Transport, Berkeley Square House, 
London, W.1. 

This committee has been charged with the 
task of speeding the flow of traffic through 
United Kingdom ports. Its terms of reference 
were announced on March 11th as being “ to 
investigate the working of the ports of the 
United Kingdom, in particular the ports of 
London and Liverpool, and to secure the 
co-operation of all the interests concerned, 
including shipping and inland transport 
authorities, in securing a quicker flow through 
the ports of inward and outward cargo.” 


Trade Unions and Management 


At a recent meeting of the Merseyside 
centre of the Institute of Industrial Administra- 
tion, an address entitled “‘ Trade Unions and 
Management’ was given by Sir Vincent 
Tewson, general secretary of the Trades Union 
Congress. In the course of it he said that the 
T.U.C. had a double purpose in encouraging the 
study of management questions. It was to 
enabie the unions to make more effective their 
contribution in increasing productivity and 
efficiency in industry, and also to develop, the 
competence of union representatives in joint 
negotiations and consultations that were now 
the established procedure of the trade union 
movement. 

Nationalised industries, Sir Vincent con- 
tinued, called upon the unions to make their 
contribution in the field of industrial adminis- 
tration and management. At first, he remarked, 
the trade union movement had been ill- 
prepared to find a sufficient number of qualified 
and competent trade unionists for service, not 
only on the governing boards of the publicly- 
owned industries, but also on the joint pro- 
duction and advisory committees at lower 
levels. The educational services of the unions 
had then been more concerned about training 
for management of the unions themselves ! 
But, Sir Vincent added, early last year the 
T.U.C. felt it essential to organise training 
courses in production and management, and 
those courses were now a regular feature of 
T.U.C. educational activity. 

Sir Vincent went on to say that the T.U.C. 
interest in management and supervision was a 
realistic and practical concern with the organ- 
isation of industry in relation to modern needs. 
The T.U.C. took the view that there was a 
common interest in the improvement of indus- 
trial techniques on both the productive and 

rial sides, and that that interest trans- 
cended the traditional out-dated attitude 
between employers and workpeople. 


Lead Sales and Prices 

The Secretary for Overseas Trade, 
Mr. Hopkinson, has stated in a parliamentary 
reply that the Ministry of Materials has now 
sold to the American Government 23,000 long 
tons of lead which was under contract from 
Australian, Mexican and Peruvian production. 
In each case the prior agreement of the pro- 
ducers had been obtained. The lead was for 
delivery during the next five months and had 
been sold at the United States internal price. 
Mr. Hopkinson added that this transaction, 
and the previous sale of 30,000 tons, would 
together realise about 22,000,000 dollars. 

On Tuesday last, the Ministry of Materials 
announced that the price of lead to United 
Kingdom consumers had been reduced by £7 a 
ton to £163. This is the third reduction in 
price since the middle of last year, when lead 
reached its peak at £180 a ton. The Ministry 
also stated that all restrictionshad been removed 
on the amount of lead which may be purchased 
for consumption. This latest price reduction has 
been made possible by lower prices which have 
been arranged with Commonwealth producers. 











THE ENGINEER 


March 21, 1959 


Notes and Memoranda 


Air and Water 


SwepisH Winp TunNEL.—A simple and inexpen- 
sive high-speed wind tunnel has now been completed 
for the Swedish Air Force at the Saab Aircraft 
Company, Linképing, Sweden. Power is derived 
from four de Havilland “‘ Goblin ” turbo-jet engines 
placed at the ejector end, their air mass flow being 
drawn through the test section via a large intake 
funnel at the other side of the plant. To avoid 
condensation in the test section, the fresh. air can 
be heated by the exhaust gas, part of which is led 
back into the intake funnel. 


A Rapro-ConTrRoLLED TarcEet.—Some further 
details of a radio-controlled, high-speed target 
aircraft have been released by the Australian 
Government. This aircraft was designed and 
developed by the Government Aircraft Factories 
of the Australian Department of Defence Production 
at Melbourne to meet a British Ministry of Supply 
specification. A piloted version of this aircraft 
is at present being used to establish a satisfactory 
radio-control technique. The wing span of this 
version is less than 20ft and the length of the fuselage 
22ft. In this relatively small area, provision has 
been made for the pilot, ‘the flying controls and 
instruments, the “‘ Adder ” turbo-jet engine (made 
in this country by the Armstrong Siddeley Motors 
Company), with its twin lateral air intakes and jet 
pipe passing through the centre of the fuselage, the 
fuel tanks to give the range stipulated by the 
specification, normal airframe equipment and the 
radio. In the target version a retractable control 
skid has been fitted to cope with the abnormal 
landing velocity, during the preliminary testing 
period at least, before radio-controlled landing 
technique has been perfected. The target will 
take off on a tricycle undercarriage which, after 
jettisoning, is automatically braked. An expend- 
able version of the ‘“ Adder’ has been developed 

ing materials which need only provide a life of a 
few hours. 

Miscellanea 
Luanparcy Om Rerimery.—Bench “B” dis- 
tillation unit, which formed the first stage of the 
expansion scheme, has p more 
than 5,000,000 tons of crude oil since it was com- 
pleted in October, 1949. Designed to process 
1,500,000 gallons of crude oil per day, the unit, by 
careful control, has operated at a throughput of 
2,000,000 gallons per day for long periods. 


Buix Brrumen at Daxar.—On March 15th, the 
first bulk bitumen facilities came into service at 
Dakar, Senegal, when the tanker “‘ Mexphalte ” 
pumped 2400 tons of hot bitumen ashore to a 
large heated storage tank newly installed on the 
quay. The bitumen will be carried by the Shell 
fleet of special bitumen tankers. 


CONFERENCE ON Burtpine Mareriats.—A con- 
ference on the application of the research reviewed 
at the Building Research Congress, 1951 (organised 
by the road and building materials group of the 
Society of Chemical Industry), with particular 
reference to papers presented to Division 2 of the 
Congress, is to be held on April 17th at the Institu- 
tion of Structural Engineers. Those wishing to 
take part are invited to advise the General Secretary 
of the Society of Chemical Industry, 56, Victoria 
Street, London, S.W.1. 


Nationat Raprio SHow.—The Radio Industry 
Council states that the 19th National Radio Show 
will be held at Earls Court, London, from Tuesday, 
August 26th, to Saturday, September 6th. There 
will be restricted admission on August 26th, and 
the official opening will be on the 27th. The Northern 
Radio Show, City Hall, Manchester, is to be opened 
at 12 noon on Wednesday, April 23rd. The Radio 
Component Show will be held at Grosvenor House, 
London, from April 7 to 9th, and will be opened at 
11 a.m. on April 7th by Sir Robert Renwick, Presi- 
dent of the Radio and Electronic Component Manu- 
facturers’ Federation. 


Rapioactive Isororpes IN Inpustry.—The 
Federation of British Industries, 21, Tothill Street, 
London, 8.W.1, has published a report of the con- 
ference on the use of radioactive isotopes in indus- 
try, which was held in May, 1951, under the auspices 
of the F.B.I. and the Atomic Energy Research 
Establishment. This report contains in a revised 
form the nine papers read at the conference, but 
omits the discussions. The first paper took the form 
of @ general introduction by Sir John Cockcroft, 
and was followed by ‘“ Non-Destructive Testing 
and its Application in Industry,” by W. 8. East- 
wood; “ Radioactive Tracers in Industry,” by 


J. L. Putman ; 
Organic Compounds,” by Dr. W. P. Grove; 
** Health Precautions,” by B. S. Smith; ‘ Radio- 
active Isotopes in the Textile Industry,” by Dr. 
P. 8S. H. Henry; “ Radioactive Isotopes in the 
Electrical Industry,” by A. M. Morgan; “ Radio- 
active Materials in Metal Fabrication,” by C. B. 
Fergusson, and ‘Future Developments,” by 
K. Fearnside. 


“Some Applications of Labelled 


Toot anp CurreR Grinpine.—A recent publi- 
cation of A. A. Jones and Shipman, Ltd., Nar- 
borough Road South, Leicester, is entitled ‘‘ Tool 
and Cutter Grinding,” which is available free of 
charge from the firm to all users of its machines. 
Tt is primarily intended to assist operators of Jones- 
Shipman tool and cutter grinders and is one of the 
most useful and informative books of its kind we 
have seen. In addition to dealing concisely with all 
aspects of tool and cutter grinding and the equip- 
ment used, it gives useful general notes on other 
forms of grinding and the care and mamtenance of 
— which is essential to produce high class 
work. 


Aw Austrian TECHNICAL AssISTANCE TEAM.—A 
party of fifteen representatives of Austrian Govern- 
ment departments and managements and trade 
unions concerned with the coal mining, iron and 
steel, and electricity industries has recently spent 
about ten days in this country During that time, 
members of the party have had discussions with 
officials of the Ministry of Labour, the National Coal 
Board and the British Electricity Authority. They 
have also met representatives of the Trades Union 
Congress and some of its constituent unions, and 
have visited coal mines, steel works and electricity 
supply undertakings. The arrangements for the 
tour were made by the Ministry of Labour and the 
British Council in conjunction with the British 
— in Vienna, and the Austrian Productivity 

mtre. 


Zinc-Rick Partnts.—The corrosion committee 
of the British Iron and Steel Research Association 
has stated that the use of the term “ zinc-rich 
paint ” should be restricted to = containing a 
sufficiently high percentage of zinc pigment to 
ensure direct electronic contact between the 
metallic particles in the dry paint film. There are 
theoretical reasons for believing that in the simplest 
case this will not occur unless the metallic zinc 
constitutes 92 to 95 per cent by weight of the 
dried paint film, the exact value depending on the 
specific gravity and other properties of the vehicle. 
The corrosion committee sponsored the work at 
the Cambridge University metallurgical laboratories, 
which, during the early years of the last war, led 
Dr. Evans and Dr. Mayne to establish the useful- 
ness of zinc-rich paints in resisting corrosion, and 
the form in which they can be most effective. 

THe DEVELOPMENT OF GyRoscoPEs.—aAn interest- 
ing account of the gyroscope, tracing its early 
history, and ing to a description of many navi- 
gational aids employing gyroscopic principles is 
provided in a new version of a short booklet, 
entitled “‘The Gyroscope Through the Ages,” 
which is published by the Sperry Gyroscope Com- 
pany, Ltd., Brentford, Middlesex. The booklet is 
introduced by a reference to an automatic ‘* instru- 
ment ” reference enjoyed by certain flying insects, 
amongst them, the house-fly, whose hatteres, vibrat- 
ing rod-like weights, serve in place of a spinning mass. 
The early pages continue by ing the early gyro- 
scopic toys, Foucault’s experiments and the first 
uses of the gyroscope to establish an artificial 
horizon for marine navigation and for the stabili- 
sation of ships. The early work of Dr. Elmer 

in this latter field is mentioned along with 
his work on the first gyro-compasses of 1911, which 
provided navigators with a directional reference 
not subject to tic variation and deviation, 
and which was followed later by the gyro-pilot. 
The work of the company in the aeronautical 
sphere is then described, starting with the prize- 
winning automatic pilot, demonstrated in 1914 by 
Lawrence Sperry, and followed by other patents 
for gyroscopically controlled bodies. Mention is 
made of other gyroscopic flight instruments, and 
of the transition from air-operated rotors to an 
electrical drive, and, following the introduction of 
the flux valve, the incorporation of the directional 
gyro and the magnetic compass in a single gyro- 
magnetic unit. The latest development mentioned 
is the ‘‘ Zero Reader,” which is capable of replacing 
all “ blind flying ”’ instruments @ simple two- 
needle indicator. The booklet concludes with a 
brief review of other applications, both civil and 
military, of gyroscopic control in conjunction with 
radio, radar and other electronic aids. 


Personal and Business 


Mr. R. Fis has been appointed works 
of British Filters, Ltd., Cox Green, Maidenhead, 

Dr. B. K. Brounr, F.R.1.C., has been appointes 
a deputy secretary in the Department of Scientig, 
and Industrial Research. 

Mr. T. A. Nanson informs us that owing to 
ill health he has had to relinquish his post ag gale, 
manager to Blaw-Knox, Ltd. 

Mr. D. M. Grenpinnine, A.M.I.C.E., FInstp 
has been appointed manager of the Coryton refinery 
of Vacuum Oil Company, Ltd. 

Litueows, Ltd., states that Lady Lithgow ha 
been appointed chairman of the company and tha; 
Sir John M. Duncanson will continue to act a; 
deputy chairman. 

METROPOLITAN-VICKERS ELECTRICAL Expopy 
Company, Ltd., announces the appointment of 
Mr. H. F. Bibby, A.M.I.Mech.E., A.M.LE.E,, ag 
manager of its American division in London, 

Hoover Lrp. announces the following appoint. 
ments :—Mr. G. J. Hemmings, continental sale 
manager; Mr. W. M. Tribute, export advertising 
manager; and Mr. H. K. Squires, home adver. 
tising manager. 

RaNsoME AND Maries Brarrne Company, Ltd;, 
Newark-on-Trent, announces the following appoint- 
ments :—Mr. Ernest Belcher, director and sales 
manager; Mr. J. B. Samson, M.I.Mech.E., director 
and works manager. 

Tue FarrRFIELD SHIPBUILDING AND ENGINEERING 
Company, Ltd., announces that Vice-Admiral 
Eric Longley-Cook, who retired recently from the 
post of Director of Naval Intelligence, has been 
appointed managing director of the company. 

Tue British Exectriciry AUTHORITY states 
that Mr. T. A. G. Madden, A.M.I.Mech.E,, 
A.M.L.E.E., has been appointed engineer-in-charge 
of the co-ordinating sub-branch of the generation 
construction sub-department at headquarters. 

ABOE (Scortanp), Ltd., has been renamed 
Brush ABOE (Scotland), Ltd., with registered 
offices at Wishaw. This company is now responsible 
for and service activities of the diesel engine 
factories of the Brush ABOE group. A new com- 

any, Brush ABOE (Ireland), Ltd., has been 
ormed, with registered offices at 195, Pearse 
Street, Dublin, C.5. 


Contracts 


Vicxrers-Armstrones, Ltd., has received an 
order to build two cargo liners, of 10,500 tons dead- 
weight, from Ellerman Lines, Ltd. The ships will 
be constructed at the Naval Yard, Newcastle 
upon Tyne. 

Losnitz anv Co., Ltd., has contracted to build 
a sludge vessel for the London County Council 
to replace the “‘G. W. Humphreys,” lost through 
enemy action in 1940, The vessel will be 262ft 
long by 43ft 6in beam by 17ft 3in depth, and ona 
mean draught of 12ft 6in will have a displacement 
of 2925 tons, and carry 1560 tons of sewage sludge. 


Launches and Trial Trips 


WaREATEA, cargo ship; built by Henry Robb, 
Ltd., for William Holyman and Sons Pty., Ltd. 
Tasmania; length between perpendiculars 240ft, 
breadth moulded 37ft, depth moulded to upper 
deck 16ft, deadweight 1465 tons on 14ft 6in draught, 
trial speed 11} knots; Atlas Polar diesel engine, 
eight cylinders, 1280 b.h.p. at 260 r.p.m. Launch, 
February 27th. 

CoRNWALL, cargo liner; built by Alexander 
Stephen and Sons, Ltd., for the Federal Steam 
Navigation Pree go 4 Ltd.; length overall 489ft, 
breadth moulded 62ft 6in, depth moulded 40ft 3in, 
deadweight 9500 tons, load draught 26ft 7}in ; two 
Stephen-Sulzer diesel engines each of 4000 s.h.p. at 
225 r.p.m. drive the propeller at 100 r.p.m. through 
hydraulic — and mee nen i oa nei 
gearing, by the Power t Company, which delivers 
7600 =e to the p lier shaft; three 235kW 
generators driven by British Polar diesel engines. 
Trial, February. 

Krxe Matcotm, cargo liner; built by Harland and 
Wolff, Ltd., for the King Line, Ltd.; length between 
perpendiculars 435ft, breadth moulded 59ft, depth 
moulded to shelter deck 39ft 9in, 5770 tons ; 
seven watertight bulkheads, four main olds, 
derricks include one of 50 tons and one of 25 tons; 
Harland-B. and W. single-acting, four-stroke diesel 
engine, six cylinders, 740mm diameter by 1500mm 
stroke, 115 r.p.m.; three 125-kW diesel generators. 
Trial: February 29th. 
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British Patent Specifications 


. r) : 
ofr Seloe Branch, 15, 
Jane, W.C.2, 28. each. 


INTERNAL COMBUSTION ENGINES 


66,849. July 18, 1949.—Two-Stroxe INTERNAL 
Combustion Enornzs, Triumph Werke Niirn- 
berg Aktiengesellschaft, of 212, Fiirtherstrasse, 
Nirnberg, Germany. 

As illustrated in the drawing, the invention con- 
a two-stroke internal combustion engine, 
which has two cylinders divided by a partition wall 
and covered by @ common cylinder head in which 
the two pistons are acted upon by a common impulse 
and work in the same direction in phase with each 








No. 663,349 


other. They are driven from a common crank. 
shaft, and are mounted on a forked-shaped con- 

ing-rod. The bolt holes of the piston bolts 
are above the lower of the pistons, so 
that over the whole of their stroke the pistons are 
guided in the cylinders. The partition wall is 
provided with slots, enabling the fork-shaped 
end of the connecting-rod to extend, in the inner 
dead centre position of the pistons, as far as possible 
into the cylinder spaces. slots are so positioned 
that in the dead centre position they are not 
uncovered by the upper edges of the pistons. For 
air cooling the crankshaft is arr so as to be 
perpendicular to the direction of the cooling air 
current and to the direction of motion.—February 
13, 1952. 


BEARINGS AND SUPPORTS 


666,728. April 5, 1949.—VisRration ABsoRPTION 
Jomvt, Conrad Allan Cook, of F. J. Cleveland 
and Co., 29, Southampton Buildings, Chancery 
Lane, London, W.C.2 (communicated by RIV— 
Officine di Villar Perosa Societa per Azioni, of 
148, Via Nizza, Turin, Italy). 

This joint is intended for motor vehicles between 
the engine and frame. As shown, the joint comprises 

& bush A of rubber or similar material wath (and 
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prevented from axial displacement) between an 
internal sleeve B and an outer sleeve C. The outer 
sleeve has a D and a disc # is proviued 
for attachment to the associated members. The 
non-flanged end of the sleeve has internally 
attached to it a rubber ring F partly adhering to 
the bush A. This ring is much thinner than the 
bush, and partly projects from the sleeve OC. Upon 
assembly, the disc Z is submitted to a load, which 
is conaaaabie lower than the operating load, and 
the bush is deformed as shown. A disc G is then 
secured to the sleeve B and adheres to the ring F, 
retaining the bush in its deformed condition. after 
removal of the load. The sleeve B, disc H and disc 
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G are held together by a tu)'s H riveted at both ends 
on the discs. The inte ual sleeve C is 

at the near end of the disc Z. The rubber bush A 
is free and is ly deformed in accordance with 
its natural flexibility until the action of the enlarge- 
ment first and of the disc ZH next reduces flexibility, 
= the deformation of the sleeve.—February 20, 
1952. 


STEAM GENERATORS 


666,757. November 22, 1949.—PREVENTING 
BreakaGe or Stay Bouts ry LocomMorives 
anp Stream Borers, Aktiebolaget Motala 
Verkstad, of Motala Verkstad, Sw q 

As shown in the drawings, A is the inner boiler 
wall and B the outer wall, the two being connected 
together by stay bolts C. The inner wall is provided 
with bulges Z and F between the stay bolts. As 
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shown, the bulges are made as large as the spacing 
of the stay bolts will allow, and the bulges Z located 
immediately between the flats for the stay bolts 
are smaller than the centrally disposed 
between four flats. The bu impart to the plate 
@ corrugated form in which closely spaced flat areas 
are separated by bulges. In a boiler which is 
subjected to considerable heat due to the radiation 
of heat and/or due to flue gases, the plate has closely 
r) substantially flat areas, each for accommo- 

ting one end of a stay bolt separated by bulges. 
The plate is thereby made capable of deformation 
under the action of heat without the transfer of 
P. noeoeg ig "a stresses to the stay bolts.— 

, 1952. 


BURNERS AND SPRAYERS 

667,197. May 23, 1949.—Liquip Fue. Burners, 
Joseph Lucas, Ltd., Great Street, Bir- 
mingham, 12. (Inventor : John Stanley Clarke.) 
The invention describes an improved liquid fuel 
burner for use in the combustion chambers of jet 
engines and gas turbines. Referring to the drawing, 
the nozzle is constructed from a pair of circular 
metal plates A and B. The plate A is formed at one 
side with a hollow axial shank C, secured to a per- 
forated supporting plate D at the entrance of the 
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combustion chamber. At the other side it is formed 
with a hollow central boss Z carrying the second 
plate B. The adjacent faces of the plates are shaped 
to form a shallow chamber F, to which vaporised 
fuel is supplied from a tube G. The plate A is of 
rather larger diameter than the plate B, and the 
peripheral part forms, with the adjacent face of plate 
A, a narrow annular orifice H, through which the 
vaporised fuel can flow radially from the chamber. 
The vaporising tube extends into the combustion 
chamber J, the supply end of the tube extending 
rearwards through an air duct K at the rear of 
the chamber. e combustion chamber and air 
duct are surrounded by an air jacket L, terminating 
in an air supply pipe M from which both the jacket 
and the duct are fed with air from a blower or nig 924 
source. The plate which carries the nozzle 

secured to it a bell-shaped shield N which at its 
larger end surrounds the nozzle. This duct 
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serves to direct air into the jacket, and the air 
entering is divided by the part N into two concentric 
streams. The inner stream flows through OC and 
plate D to the region around the nozzle, and the 
outer stream flows to the peripheral region of the 
combustion region in the combustion chamber J, 
where it meets with air from the jacket through 
perforations O. It is claimed that an efficient 
burner can be provided thus in a very simple and 
robust form.—February 27, 1952. 


FURNACES AND HEATERS 


666,686. August 7, 1947.—Conveyine MzecHANISMS 
For Stoxers, Henry Percy Baughan, Lans- 
down, Stroud, Gloucestershire. 

Referring to the drawing, a hopper A is mounted 
over an inlet into the cylinder B to which is attached 
the feed channel C and the retort D. The ram Z 
is a sliding fit in the cylinder and to its front is 
attached the spiral shaft F. To the back of the 
ram is attached the actuating shaft G which has a 
spiral groove formed on its periphery equal in pitch 
to the pitch of spiral shaft 7. The actuating shaft 
is mounted in ings; also mounted therein is a 
ratchet mechanism H, the inner member of which 








No. 666,686 


meshes with the groove on shaft G. This inner 
member is free to revolve in one direction, but is 
locked against rotation in the opposite direction. 
The ratchet mechanism is arranged so that it is 
free to revolve as the actuating shaft G is urged 
forward and thus no rotary motion is transmitted 
to the shafts F and G. When the ram is drawn 
back, the ratchet locks and the shaft G, complete 
with ram £ and spiral F, is caused to revolve by the 
groove on the shaft. Thus the ram and spiral 
advance in a straight line and urge the fuel along 
the channel, but the spiral is caused to revolve, or 
screw itself out of the fuel, on its backward motion, 
leaving the fuel in its position in the channel. 
Another ratchet mechanism, working in the opposite 
direction, may be fitted to the shaft so as to prevent 
the shaft from rotating on its forward stroke. By 
this means the fuel is conveyed along its channel 
without crushing or grinding.—February 20, 1952. 


SHAFT SEALS AND GUIDES 


667,254. January 5, 1950.—Szative Devices ror 
Saarrs AND Rotary Memsers, Charles 
Malcolm Cherrie and Worthington-Simpson, 
Ltd., both of the company’s address at 
Newark-on-Trent. 

The invention is described as applied to a rotary 
seal construction described in the specification of 
1947 (No. 632,957). It has a shaft A 8 $m & 
rotary element B, a fixed casing C, an attached cover 
D, and a rubbing ring Z grooved to accommodate a 
compressible sealing ring F held against a stationary 
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rubbing surface or complementary fixed face G on 
the interior of the cover D. The inner face of the 
rubbing ring Z is formed with a radial groove or 
slot H and a short keyway or groove J is formed 
in the adjacent part of the element B. A key K in 
the keyway has its radially extending portion in the 
groove H in the rubbing ring. The key slides 
in the keyway and its radial portion is en- 
gaged by the spring L, which holds the rubbing 
ring Z in engagement with the stationary rubbing 
surface. In this way the key is maintained in 
positive driving relation with the rubbing ring and 
is also prevented by the spring from being displaced 
under the action of centrifugal force. The arrange- 
ment is such that the rubbing ring can move slightly, 
whilst at all times a positive drive can be trans- 
mitted to the ring by the key. More than one key 
may be provided if desired.— February 27, 1952. 
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Forthcoming Engagements 


Secretaries of Institutions, Societies, d&c., desirous of 
having notices of meetings # in this column, are 
requested to note that, in order to make sure of their insertion, 
the necessary information should reach this office on, or 
before, the morning of the Monday of the week preceding 
the meetings. In all cases the TIME and PLACE at which 
the meeting ts to be held should be clearly stated. 


Association of Supervising Electrical Engineers 
Mon., Mar. 24th—Luton Brancu: George Hotel, 
Luton, “ Resistance Welding,” H. E. J. Butler, 8 p.m. 
Tues., Mar. 25th—-W. Lonpon Brance: Windsor 

Castle Hotel, 134, King Street, Hammersmith, W.6, 
“ Marine Radar,” F. H. Dale, 7.30 p.m. 

Fri. and Sat., Mar. 28th and 29th, —Hoyal Horticultural 
New Hall, Greycoat Street, Westminster, London, 
a Electrical Engineers’ Exhibition, 10 a.m. to 

p.m, 





British Institution of Radio Engineers 

Thurs.; Mar. 27th—London School of Hygiene and 
earn Medicine, Keppel Street, Gower Street, 
W.C.1, “ og cond rs and their Applications 
to Industrial ” H. M. Gale, 6.30 p.m. 

Chemical Society 

Thurs., Mar. 27th.—Burlington House, Piccadilly, 
London, W.1, “The Chemical Exploration of the 
Stratosphere,” F. A. Paneth, 7.30 p.m. 


Cleveland Institution of Engineers 
To-day, Mar. 2ist.—Cleveland Scientific and Technical 
Institution, —. Road, Middlesbrough, “ The 
Furnace F. A. 


ing of Re! i Performance,” F. 
Gray, 6.30 p.m. rg 
Ex-British-Westinghouse Association 


To-day, Mar. 21st.—Connaught Rooms, London, W.C.2, 
Annual Re-Union, 6 p.m. 


Iuminating Engineering Society . 
To-day, Mar. 2lst—GuiovucesTER AND CHELTENHAM 
CENTRE : 


— oh we ag ame gg ac CENTRE : et 

oO ‘em: Street, Birmingham, “Light an 
Colour,” G, J. Chamberlin, 6 p.m. 

Mon., Mar. 3lst.—Leeps CENTRE: 
Bureau, 24, Aire Street, Leeds, 1, “ Li; 
J. Benson, 7 p.m. 


Incorporated Plant Engineers 
Thurs., Mar. 27th—S. Yorxsume Branocn: Grand 
Hotel, Sheffield, Annual General Meeting, 7.30 p.m. 
Fri., Mar. 28h.—Bmwincsam Brancx: Imperial 
Hotel, Temple Street, Birmi , Annual General 
Meeting, Symposium of Films on Welding, 7.30 p.m. 
Mon., Mar. 3lst—W. anp E. YorxsHmRE Brancu: 
The University, Leeds, Annual General Meeting, 
7.30 p.m. 


Institute of British Foundrymen 


Wed., Mar. 26th.—Lonpon Brancn: Waldorf Hotel, 
Aldwych, W.C.2, “The Buyer’s Point of View,” 
J. F. Kayser, 7.30 p.m.——BimmineHaM BRancz : 
James Watt Memorial Institute, Great Charles Street, 
Birmi » “Recent Developments in Foundry 
Mechanisation,” A. S. Beech, 7.15 .m. 

Sat., Mar. 29th.— Bristow anp W. or Oran BRANCH : 
Grand Hotel, Broad Street, Bristol, Annual General 
Meeting and Short Paper Prize Scheme, 3 p.m. 


Institute of Industrial Supervisors 


Tues., Mar. 25th—-LxrtcesteR SECTION: 
Technology, The Newarke, Leicester, 
Foremanship Report,” H. L. Hazelgrave, 7.30 p.m. 

Thurs., —r intguw, "Inde Section : Royal Technical 
College, ow, “Industrial Organisation and Ad- 
ministration, with special reference to Production 
Control,” S. Waugh, 7.30 p.m. 


Institute of Marine Engineers 

To-day, Mar. 2\st.—College of Technol Liverpool, 
“Ges Tarkines,” A W. Pepe, pm.” 

Thurs., Mar. 27th—S. E. ‘len Technical College, 
Lewisham Way, London, 8.E.4, “ Refrigeration at 
Sea,” R. R, Strachan, 8 p.m. : 

Institute of Metals 

Mon., Mar. 24th.—Royal Institution, Albermarle Street, 
London, W.1, “‘ The Place of Plastics in the Order of 
Matter,” J. J. P. Staudinger, 6 p.m. 

Tues., to Thurs., Mar. 25th.-27th—Park Lane Hotel, 
ey London, 8.W.1, Annual General Meeting, 

.m. 

Thurs., Mar. 27th—Btmmincuam Locat Section: 
James Watt Memorial Institute, Great Charles Street, 
Birmingham, “Extrusion,” Christopher Smith, 


ighting Service 
t and Sight,” 


7 p.m, 
Institute of Navigation 
To-day, Mar. 21st.—Royal Geographical Society, 1, Ken- 
sington Gore, London, 8.W.7, “ Seager and the 
Weather Service,” C. E. N. Frankcom, 5 p.m. 


Institute of Petroleum 


Wed., Mar. 26th.—26, Portland Place, London, W.1, 
a by ee of the Fixed Bed, Liquid-Phase Slurry,” 
and Fluidised Bed be ory ag in Fischer-Tropsch 
Synthesis,” C. C. Hall and 8. L. Smith, 5.30 p.m. 


Institute of Refrigeration 


Tues., Mar, 25th—Institution of Mechanical Engineers, 
Storey’s Gate, St. James’s Park. London. 8.W.1, 
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“* Non-Condensable 


Gases in Ammonia Plants—Their 
Beh sad Removal,”’E. 8. Green and J. C. E, Loweock, 
p.m, 


Institute of Road Transport Engineers 


Tues., Mar. 25th—N.E. Centre; 
Old Elvet, Durham City, “ All Metal 
Cooke, 7 p.m. 


Institution of British Agricultural Engineers 
Tues., Mar. 25th.—Institution of Electrical Engineers, 
Savoy Place, Victoria Embankment, W.C.2, “ Deve- 
lopment of icultural Tractor and Implement 
Tyres,” M. A. Wilson, 2.15 p.m. 


Institution of Chemical Engineers 

To-day, Mar. 21st.—Lonpon GRADUATES’ AND STUDENTS’ 
Section: Caxton Hall, W inster, 8.W.1,, “‘ The 
Design of Bubble Cap Distillation Columns,” D. C. 

water, 6.30 p.m. 

Wed., Mar. 26th.—Mrtptanps Brancu: The University, 
Edmund Street, Birmingham, “Construction and 
Personnel Planning of the Esso Refinery, Fawley,” 
G. Noble, 6.30 p.m. 

Thurs., Mar. 27th—N.W. CENTRE, GRADUATES’ AND 
StrupEnts’ Section : Queen Hotel, City Road, Chester, 
“The Fluid Catalytic Cracking Process.” J. G. Lucas, 


7 p.m. 
Institution of Civil Engineers 
Tues., Mar. 25th.—Great George Street, Westminster, 
London, 8.W.1, “ Buoyant Foundations in Soft Clay 
for Oil Refinery Structures at Grangemouth,” C. W. 
Pike and B, F. Bourin, 5.30 p.m. 
9, the Temple, 


Dunelm Hotel, 
Bodies,” H. A. 





Wed., Mar. 26th.—N.W. AssoctaTIon : 
24, Dale Street, Liverpool, ‘‘ Coast Erosion,” H. G 
Nesbitt, 6 p.m. 

Fri., Mar. 28th.—Yorxsume Association: Great 
Northern Station Hotel, Leeds, ‘“ Recent Develop- 
ments in theDesign of Highway Bridges in Hampshire,” 
E. W. H. Gifford, 7 p.m. 


Institution of Electrical Engineers 
Mon., Mar. 24th.—Rapio Srerion: Savoy Place, 
London, W.C.2, “ Radio-Controlled Models,” 5.30 p.m. 
Wed., Mar. 26th.—Surrty Secrion: Savoy Place, 
London, W.C.2, “‘The Design of High-' Salient- 
Pole A.C. Generators for Water Power Plants,’ E. M. 
Johnson and C, P. Holder, 5.30 p.m. 
Thurs., Mar. 27th.—EpucatTion SDescusnnce CIRCLE : 
Savoy Place, London, W.C.2, Discussion on “‘ The 
Field for College “pwns | riments on Modern 
etic Materials,” ope by L. G. A. Sims, 6 = 
Fri., Mar. 28th.—N.E. Stoprents’ Szorion: Grey Hall, 
King’s College, Newcastle upon Tyne, “ Switchgear,” 
L. Tesegneie 6.30 p.m. 
Mon., Mar, 31st,—Savoy Place, London, W.C.2, Dis- 
cussion on “ Statistics as Applied to Engineering,” 
opened by W. A. Carne, 5.30 p.m. 


Institution of Engineers and Shipbuilders in Scotland 
Tues., Mar. 25th.—39, Elmbank Crescent, Glasgow, 
“Polyphase Commutator Motors,” J. E. Parton, 
6.30 p.m. 


Institution of Mechanical Engineers 


To-day, Mar. 2lst.—S *s Gate, St. James’s Park, 
London, 8.W.1, “ Centrifugal Pumps in Steam Power 
Stations,” R. i m, 5.30 p.m.——E. Mipianp 
Branco: T College, Lincoln, “ Combined 
Power and Process Work,” A. Stewart, 7.15 p.m.— 
—SovuTHERN Branco, Grapuates’ SECTION: Mauni- 
cipal College, Bournemouth, “‘ Design Problems of a 
Refrigerated Decompression Chamber,” T. V. Small, 
6.30 p.m, 

Mon., iar: 24th—_N.E. Brancu: Neville Hall, West- 

te Road, Newcastle u Tyne, “Operation of 
) wntPoan Power Station,” A. Howell and J. B. Jackson- 
6 p.m. 

Tues, Mar. 25th—Brmwincuam A.D. CentrE: James 
Watt Memorial Institute, Great Charles Street, Bir- 
mingham, “The Performance of Crankcase Lubri- 
cating Oils,” A. Towle, 6.45 p.m. 

Wed., Mar. 26th.—YorxsHIRE Brancu: Technical 
College, Huddersfield, *‘ The eg and Development 
of an Agricultural Tractor,” H. E. Ashfield, 2.15 p.m. 
——Lvuton A.D. Grapvuates’ Section: George 
Hotel, Luton, “ xa ¢ Aspects of the Internal Com- 
bustion Engine,” J. E. Jesson, 7.15 p.m, N.W. A.D. 
Centre: Grosvenor Hotel, hester, ‘‘ Factors 
Affecting the Utilisation of Anti-Knock Quality in 
Aut ile Engines,” J. D. Davis, 7.15 p.m. 

Thurs., Mar. 27th—N.W. Branon GrapvatTEs’ SEc- 
TION : 








Kinchin, and C. R. Stock, 6.45 p.m. 
Fri., Mar. 28th.—Storey’s Gate, St. James’s Park, 
London, 8.W.1, Annual General Meeting, 5.30 p.m. 


Institution of Post Office Electrieal Engineers 
Wed., Mar. 26th—Conference Room, Fourth Floor, 
“cust Dechenies Aepeetony chigneen at-iie Hnchga 
vin me of i 
and Development,” R. Thornton, 5 p.m. 


Institution of Production Engineers 

Tues., Mar. 25th—Luton Section: Town Hall, Luton, 
“Some Fundamentals in Press Tool Design,” T. A. 
Stevens, 7.15 p.m, 

Wed., Mar. .—Lixcotn Srorion: Ruston and 
Hornsby, Ltd., Boultham Works, Lincoln, Annual 
Gene Meeting, 7.30 p.m.——Lonpon GRADUATE 
SECTION : atte Portman , W.1, Annual General 
Meeting Film Evening, 7.15 p.m.——SHREws- 
BuRY Section: Technical College, Shrewsbury, 
“Efficient Production Methods Applied to Iron 
Founding,” G. W. Nicholls, 7.30 Pe ee 
Section: Grand Hotel, Bristol, 1, Annual General 
Meeting, 7.15 p.m. 
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Thurs., Mar. 27th—S. Watzs anv Monmov 
Szorion: §. Wales Institute of Engineers, Pyy 
Place, Cardiff, “ Relationship Between the Function, 
of the Production Engineer and Cost Accountant,” 
H. J. Furness, 6.45 p.m.——Cornwau Branoy. 
Technical College, Trevenson Park, Pool, (eo, 
physics,” T. C, Richards, 7.15 Ro 

Fri., Mar, 28th—Coventry SECTION: Geisha (afy 
Hertford Street, Coventry, “‘ Manufacture of nd 
Light Bulbs,” 8, R. Eade, 7 p.m.——Luron Grapy. 
ate Srotion: Court House, St. Albans, Annual 
General Meeting and Film Evening, 7.30 p.m. 

eka Ruane oe mining Methods ot samp 

ege, Portsmouth, ** Machini ethods at Swi 
Works,” W. Lynch, 7 p.m. ” 


Institution of Structural Engineers 
Thurs., Mar. 27th.—11, Upper ve Street, London 
8.W,1, “* Unusual design for a Constructional 
Shop,” F. R. Bullen, 5.55 p.m. 


Institution of Water Engineers 
Wed., Mar. 26th.—8.E. Szotion: Institution of Giyil 
Engineers, Great George Street, London, §.W.), 
Annual General Meeting, “Some Aspects of Valve 
Engineering in Water Supply,” P. L. Boucher, followed 
by a Film, 2,30 p.m. 


Junior Institution of Engineers 

To-day, Mar. 21st.—39, Victoria Street, London, §.W.1, 
“Industrialists in the New Towns,” A. 8. Ladiey, 
6.30 p.m, 

Mon., Mar. 24th—SuHerrretp anp District Locat 
Section: Co-operative Educational Centre, 20), 
Napier Street, Sheffield, 11, “Snow Clearing and 
Frost Gritting,” R. W. T. Norton, 7.30 p.m. 

Fri., Mar. 28th.—39, Victoria S reet, London, 8.W.}, 
“Centrifugal Pumps,” J. A. Cribb, 6.30 p.m. 


Liverpool Engineering Society 
Wed., Mar. 26th.—9, The Temple, 24, Dale Street, Liver. 
pool, ‘ Coast Erosion,” H. G. Nesbitt, 6 p.m. 


Manchester Association of Engineers 
To-day, Mar. 2\st.—Engineers’ Club, Albert Square, 
Manchester, Annual General Meeting, “* Training for 
Management,” F. C. Lawrence, 6.45 p.m. 


North-East Coast Institution of Engineers and Shipbuilders 

To-day, Mar, 2\st.—Mining Institute, Newcastle u 
Tyne, “ Modern Foundry Practice,” T. W. Bushell, 
6.45 p.m. 


Royal Aeronautical Society 

Tues., Mar. 25th—GrapvaTEs’ AND StupEnts’ Szc- 
tion: 4, Hamilton Place, London, W.1, Annual 
General Meeting, “‘ Aerodynamic Osoillations of Sus- 

msion Bridges,” C. Scruton, 7 p.m. 

Thurs., Mar. 27th.—4, Hamilton Place, London, W.1, 
“Some Aspects of Civil Jet Aircraft Performance,” 
D. R. Newman, 7 p.m. 


Royal Society of Arts 


Wed., Mar, 26th.—John Adam Street, Adelphi, London, 
W.C.2, “‘ The Rolling of Ships,” A. J. Sims, 2.30 p.m. 





Codes of Practice 


In our issue of February 22nd last, a note was 
given on the code “Earth Retaining Structures,” 
which is No. II in the Civil Engineering Codes of 
Practice Series. “This Code is obtainable from the 
Institution of Structural ineers, 11, Upper 
Belgrave Street, London, 8.W.1, and not from 
the British Standards Institution, as stated in 
the heading which appeared above our note. 


PAINTING 


The Council for Codes of Practice for Buildings 
has now issued in final form Code 231, “‘ Painting.” 
The code relates to the painting of buildings for 
the purposes of decoration, protection or hygiene, 
and includes a code dealing with general considera- 
tions and sub-codes on particular aspects of painting 
wood, building boards, sheets and slabs; iron and 
steel; non-ferrous metals; plaster, concrete, 
brick and stone; lime plaster; calcium sulphate 
plasters; Portland cement concrete, plastering 
and rendering; brickwork, and stone masonry. 
Copies miay be obtained from the British Standards 
Institution, 24-28, Victoria Street, London, 8.W.1, 
price 10s. 


—_—_———¢-——————— 


Coat In NorrHern IrELAND.—Supplementary 
estimates presented recently in the Northern Ireland 
Parliament included £12,500 for mineral explora- 
tion. The Minister of C ce explained that the 
money was required to cover the cost of additional 
equipment needed to deepen a bore for coal at Mire 
House, near Stewartstown—which has already been 
taken to 3500ft—to a maximum depth of 5500ft. 
He stated that only one other deep bore, at Dernagh, 
Co. Tyrone, was in progress at present. The investi- 








gations, the Minister said, were being undertaken | 


by the Northern Ireland branch of the Geographical 
Survey, and were necessary to clear up the question 
as to whether or not there was any workable coal in 
South Tyrone. 
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